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SURFACE WATER SUPPLY OF HUDSON BAY AND
UPPER MISSISSIPPT RIVER BASINS, 1919-1920.

AUTHORIZATION AND SCOPE OF WORK.

This volume is one of a series of 14 reports presenting results of
measurements of flow made on streams in the United States during
the years ending September 30, 1919 and 1920.

The data presented in these reports were collected by the United
States Geologlcal Survey under the following authonty contained in
the organic law (20 Stat. L., p. 394):

... Provided, That this officer {the Director] shall have the direction of the Geological
Survey and the classification of public lands and examination of the geological stritc-
ture, mineral resources, and products of the national domain.

The work was begun in 1888 in connection with special studies
relating to irrigation in the arid West. Since the fiscal year ending
June 30, 1895, successive sundry civil bills passed by Congress have
carried the followmg item and appropriations:

For gaging the streams and determining the water supply of the United States, and

for the investigation of underground currents and artesian wells, and for the prepa-
ration of reports upon the best methods of utilizing the water resources.

Annual appropriations for the fiscal years ending June 30, 1895-1921.

2 T $12, 500. 00
R 20, 000. 00
-1897 to 1900, inclusive. ... ... .. i 50, 000, 00
1901 t0 1902, TNCHISIVe .« - -« e oo eeeee e 100, 000. 00
1903 to 1906, inclusive....... e 200, 000. 00
S 907 i LA 150, 000. 00
1908 t0 1910, InClUSIVe. cot et ie et e e 100, 0600. 00
1911 to 1917, inclusive. ... ..ot at 150, 000. 00
918 - e e e e 175, 000. 00
e R 148, 244. 10
1920, ot eeeieeiieeeaieeeaaaann 175, 000. 00
1921 e e e e 180, 000. 00

In the execution of the work many private and State organizations
have cooperated either by furnishing data or by assisting in collecting
data. Acknowledgments for cooperation of the first kind are made
in connection with the description of each station affected; coopera~
tion of the second kind is acknowledged on page 9.

. Measurements of stream flow have been made at about 5,000 points
in the United States and also at many points in Alaske and the

1



2 SURFACE WATER SUPPLY, 1919-1920, PART V.

Hawaiian Islands. In July, 1920, 1,350 gaging stations were being
maintained by the Survey and the cooperating organizations. Many
miscellaneous discharge measurements are made at other points. In
connection with this work data were also collected in regard to pre-
cipitation; evaporation, storage reservoirs, river profiles, and water
power in many sections of the country and will be made available in
water-supply papers from time to time.

DEFINITION OF TERMS. ;

The volume of water flowing in a stream—the ‘“run-off”’ or ““dis-
charge’’—is expressed in various terms, each' of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and discharge in second-feet
per square mile, and (2) those that represent the actual quantity of
water, as run-off in inches, acre-feet, and millions of cubie feet. The
principal terms used in this series of reports are secon¥feet, second-
feet per square mile, and run-off in inches and acre-feet. They
may be defined as follows:

“Second-feet’’ is an abbreviation for ¢ cubic feet per second.” A
second-foot is the rate of discharge of water flowing in a channel of
rectangular cross section 1 foot wide and 1 foot deep at an average
velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed.

‘“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is dlstnbuted uniformly both as
regards time and area.

“Run-off in inches”’ is the depth to which an area would be covered
if all the water flowing from it in a given period were uniformly
distributed on the surface. It is used for comparing run-off with
rainfall, which is usually expressed in depth in inches.

An “acre-foot,” equivalent to 43,560 cubic feet, is the quantity
required to cover an acre to the depth of 1 foot. The term is com-
monly used in connection with storage for irrigation.

The following terms not in common use are here defined:

‘“Stage-discharge relation,” an abbreviation for the term “relation
of gage height to discharge.”

““Control,” a term used to designate the section or sections of the
stream below the gage which determine the stage-discharge relation
at the gage. It should be noted that the control may not be the
same section or sections at all stages.

The “point of zero flow” for a gaging station is that point on the
gage—the gage height—to which the surface of the stream would
fall if there were no flow.
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EXPLANATION OF DATA.

The data presented in this report cover two years beginning October
1, 1918, and ending September 30, 1920. At the beginning of Jan-
uary in most parts of the United States much of the precipitation in
the preceding three months is stored as ground water in the form of
snow or ice, or in ponds, lakes, and swamps, and this stored water
passes off in the streams during the spring break-up. At the end of
September, on the other hand, the only stored water available for
run-off is possibly a small quantity in the ground; therefore the run-
off for the year beginning October 1 is practically all derived from
precipitation within that year.

The base data collected at gaging stations consist of records of
stage, measurements of discharge, and general information used to
supplement the gage heights and discharge measurements in deter-
mining the daily flow. The records of stage are obtained either
from direct readings on a staff gage or from a water-stage recorder
that gives a continuous record of the fluctuations. Measurements
of discharge are made with a current meter. (See Pls. I, II.) The
general methods are outlined in standard textbooks on the measure-
ment of river discharge.

From the discharge measurements rating tables are prepared that
give the discharge for any stage, and these rating tables, when applied
to the gage heights, give the discharge from which the daﬂy, monthly,
and yearly mean discharge is determined.

The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving results
of discharge measurements, a table showing the daily discharge of the
stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of dlscharge measurements
are published.

The description of the station gives, in addition to statements re-
garding location and equipment, information in regard to any con-
ditions that may affect the constancy of the stage-discharge relation
covering such subjects as the occurrence of ice, the use of the stream
for log driving, shifting of control, and the cause and effect of back-
water; it gives also information as to diversions that decrease the
flow at the gage, artificial regulation, maximum and minimum
recorded stages, and the accuracy of the records.

The table of daily discharge gives, in general, the discharge in
second-feet corresponding to the mean of the gage heights read each
day. At stations on streams subject to sudden or rapid diurnal
fluctuation the discharge obtained from the rating table and the mean
daily gage height may not be the true mean discharge for the day. If
such stations are equipped with water-stage recorders the mean daily
discharge may be obtained by averaging discharge at regular intervals
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during the day, or by using the discharge integrator, an instrument
operating on the principle of the planimeter and containing as an
essential element the rating curve of the station.

In the table of monthly discharge the column headed “Maximum”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not indi-
cate correctly the stage when the water surface was at crest height,
and the corresponding discharge was consequently larger than given
in the maximum column. Likewise, in the column headed ‘Mini-
mum” the quantity given is the mean flow for the day when the mean
gage height was lowest. The column headed “Mean” is the average
flow in cubic feet per second during the month. On this average
flow computations recorded in the remaining columns, which are
defined on page 2, are based.

The deficiency table presented for some of the gaging stations shows
the number of days in each year on which the mean daily discharge
was less than the discharge given in the table. By subtraction the
table gives the number of days each year that the mean daily dis-
charge was between the discharges given in the table and, also by
subtraction, the number of days that the mean daily discharge was
equal to or greater than the discharge given. If one discharge rating
table was used throughout the period covered by the deficiency table,
gage heights that correspond to the discharges are also given.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarily (1) on the
permanence of the stage-discharge relation and (2) on the accuracy of
observation of stage, measurements of flow, and interpretation of
records.

A paragraph in the description of the station gives information
regarding the (1) permanence of the stage-discharge relation, (2) pre-
cision with which the discharge rating curve is defined, (3) refinement
of gage readings, (4) frequency of gage readings, and (5) methods of
applying daily gage heights to the rating table to obtain the daily
discharge.

For the rating tables “well defined”” indicates, in general, that the
rating is probably accurate within 5 per cent; ‘“fairly well defined,”
within 10 per cent; “poorly defined,” within 15 to 25 per cent.
These notes are very general and are based on the plotting of the
individual measurements with reference to the mean rating curve.

The monthly means for any station may represent with high accu-
racy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-

1 For 2 more detailed discussion of the accuracy of stream-flow data see Grover, N. C., and Hoyt, J. C.,
Accuracy of stream-flow data: U. 8. Geol. Survey Water-Supply Paper 400, pp. 53-59, 1916.
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contributing districts in the measured drainage area, by lack of
information concerning water diverted for irrigation er other use,
or by inability to interpret ‘the effect of artificial regulation of the
flow of the river above the station. ‘“Second-feet per square mile’’
and “Run-off in inches” are therefore not computed if such errors
appear probable. The computations are also omitted for stations
on streams draining areas in which the annual rainfall is less than
20 inches. All figures representing ‘“second-feet per square mile”
and ‘“run-off in inches”’ previously published by the Survey should be
used with caution because of possible inherent but unknown sources
of error. '

Many gaging stations on streams in the irrigated sections of the
United States are located above most of the diversions from those
streams, and the discharge recorded does not show the water supply
available for further development, as prior appropriations below the
stations must first be satisfied. To give an idea of the amount of
prior appropriations, a paragraph on diversions is presented in each
station description. Where figures are given these can not be con-
sidered exact but as being the best information available.

The table of monthly discharge gives only a general idea of the flow
at the station and should not be used for other than preliminary
estimates; the tables of daily discharge allow more detailed studies
of the variation in flow. It should be borne in mind, however, that
the observations in each succeeding year may be expected to throw
new light on data previously published.

PUBLICATIONS.

Investigation .of water resources by the United States Geological
Survey has consisted in large part of measurements of the volume of
flow of streams and studies of the conditions affecting that flow, but
it has comprised also investigation of such closely allied subjects as
irrigation, water storage, water powers, underground waters, and
quality of waters. Most of the results of these investigations have
been pubhshed in the series of water-supply papers, but some have
appeared in the bulletins, professional papers, annual reports, and
monographs.

The results of stream-flow measurements are now published an-
nually in 12 parts, each part covering an area whose boundaries
coincide with natural drainage features, as indicated below:

Part I. North Atlantic slope basins.
II. South Atlantic and eastern Gulf of Mexico basms

III. Ohio River basin.

IV. St. Lawrence River basin.

V. Upper Mississippi River and Hudson Bay basins.

VI. Missouri River bagin.

VII. Lower Mississippi River basin.

VIII. Western Gulf of Mexico basins.
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Part IX. Colorado River basin.
X. Great Basin.
XI. Pacific slope basins in California. .
XII. North Pacific slope basins; in three volumes:
A. Pacific slope basins in Washington and upper Columbia River basin.
B. Snake River basin.
C. Lower Columbia River basin and Pacific slope basins in Oregon.

Water-supply papers and other publications of the United States
Geological Survey containing data in regard to the water resources

of the United States may be obtained or consulted as indicated
below:

1. Copies may be obtained free of charge by applying to the
Director of the Geological Survey, Washington, D. C. The edition
printed for free distribution is, however, small and is soon exhausted.

2. Copies may be purchased at nominal cost from the Superin-
tendent of Documents, Government Printing Office, Washington,
D. C., who will on application furnish lists giving prices.

3. Sets of the reports may be consulted in the libraries of the
principal cities in the United States.

4. Complete sets are available for consultation in the local offices
of the water-resources branch of the Geological Survey, as follows:

Boston, Mass., 2500 Customhouse.

Albany, N. Y., 704 Journal Building.

Trenton, N. J., State House.

Asheville, N. C., 33-35 Broadway.

Chattanooga, Tenn., 37 Municipal Building,
Columbus, Ohio, Orton Hall, Ohio State University.
Chicago, I11., 1404 Kimball Building.

Madison, Wis., care of Railroad Commission of Wisconsin.
Ames, Towa, 103 Engineering Hall, Jowa State College.
Rolla, Mo., Rolla Building, School of Mines. -
Topeka, Kans., 23 Federal Building.

Helena, Mont., 52 Montana National Bank Building.
Denver, Colo., 403 Post Office Building.

Salt Lake City, Utah, 313 Federal Building.

Idaho Falls, Idaho, 228 Federal Building.

Boise, Idaho, 615 Idaho Building.

Tacoma, Wash., 406 Federal Building.

Portland, Oreg., 606 Post Office Building.

San Francisco, Calif., 328 Customhouse.

Los Angeles, Calif., 602 Federal Building.

Tucson, Ariz., 210 Agricultural Building, University of Arizona.
Austin, Tex., State Capitol.

Honolulu, Hawaii, 25 Capitol Building.

A list of the Geological Survey’s publications may be obtained by
applying to the Director, United States Geological Survey, Wash-
ington, D. C.

Stream-flow records have been obtained at about 5,000 points
in the United States, and the data obtained have been published in
the reports tabulated below:
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Stream-flow data in reports of the United States Geological Survey.
{A=Annual Report; B=Bulletin; W=Water-Supply Paper.]

Report. Character of data. Year.
1oth A, pt. 2...... Deseriptiveinformation only.......cceeeeeciinnnenniinaaa s )
11th A, pt. 2...... Monthiy discharge and descriptiveinformation................. 1884 to Sept., 1890.
12th A, pt. 2......|..... B0n ottt ae e ceettia e retaaree e 1884 to June 30, 1801.
13th A, pt. 3 Mean discharge in seeond-feet....c...vvvenneean.. .| 1884 to Dec. 31, 1892,
14th A, pt. Monthly discharge (long-time records, 1871 to 189 .[ 1888 to Dec. 31, 1893, -
B 131... Descriptions, measurements, gage heights, and ra .| 1893 to 1894,
16t1h4uA, .| Descriptiveinformation only... ... . ...ceieeeiiiiiiiiiiiiaaa..

Descriptions, measurements, gage heights, ratings, and monthly | 1895.
disc] g: (also many data covering e_ariler years).

Gage heights (also gage heights for earlier Xears) ................ 1806.

Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(also similar data for some earter years).

Descriptions, measurements, and gage heights, eastern United | 1897,
States, eastern Mississippi River, and Missouri River above
junction with Kansas.

Wie............. Descriptions, measurements, and gage heights, western Missis- | 1897,

sippi River below junction of Missouri and I‘latte, and west-

ern United States.

Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time recon{s).

Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River.

Measurements, ratings, and gage heights, Arkansas River and | 1898.
western United States.

.| Monthly discharge (also for many earlier years).................| 1898,

Descriptions, measurements, gage heights, and ratings. 1899.

Monthly AisCharge..cceeeceenaeeeeraseeemenecnannanns 1809,

Descriptions, measurements, gage heights, and ratings. 1900.

s Pt. ..| Monthly discharge...c.ocooeoui v oieraiienianaiaannnn 1900,

W 65, . Descgstions, measurements, gage heights, and ratings. 1901,
Wibs..... ..} Mon { discharge.. O S .. 1901,
W 821 Complete data 1902.
W 97 to 100 0. 1903.
W 124 1904,
W 165 1905.
W 20 1906.
w 1907-8.
w 1909,
w 1910.
w 1911,
w 1912.
w 1913.
w 1914,
w 1915.
w 1916,
w 1917,
w 1018 .
w 1919 and 1920.

NotE.—No data regarding stream flow are given in the 15th iind 17th annual reports.

The records at most of the stations discussed in these reports
extend over a series of years, and miscellaneous measurements at
many points other than regular gaging stations have been made
each year. An index of the reports containing records obtained
prior to 1904 has been published in Water-Supply Paper 119.

The following table gives, by years and drainage basins, the
numbers of the papers on surface-water supply published from 1899
to 1920. The data for any particular stationl will, in general, be
found in the reports covering the years during which the station was
maintained. For example, data for Machias River at Whitneyville,
Me., 1903 to 1920, are published in Water-Supply Papers 97, 124,
165, 201, 241, 261, 281, 301, 321, 351, 381, 401, 431, 451, 471, and

501, which contain records for the New England streams from 1903
~ to 1920. Results of miscellaneous measurements are published by
drainage basins.
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DIVISION OF WORK, - -9
COOPERATION.

In Montana the work was carried on in cooperation with the United
States Reclamation Service. With the exception of the station on
St. Mary River near Babb, Mont., all stations in Montana were main-
tained jointly with the Reclamation Service, Department of the
Interior, Canada.

In North Dakota the work was done in cooperation with W. H.
Robinson, State engineer, and at certain stations in cooperation with
the Bureau of Public Roads, Department of Agriculture, and the
Flood Control Commission of North Dakota.

In Minnesota the work at certain stations was carried on in ¢oop-
eration with the following organizations: International Joint Com-
mission (Kawishiwi River at Winton), United States Weather Bureau
(Mississippi River at St. Paul and Minnesota River near Mankato),
United States Engineer Corps (Mississippi River at Elk River and
Minnesota River near Montevideo), and E. V. Willard, Commissioner,
Department of Drainage and Waters (stations in Red River basin).

In Wisconsin the work was carried on in cooperation with the Rail-
road Commission of Wisconsin, C. M. Larson, chief engineer; and at
certain stations with the Wisconsin-Minnesota Light & Power Co.
(Chippewa River at Chippewa Falls, Red Cedar River near Colfax, Red
Cedar River at Cedar Falls, and Red Cedar River at Menomonie).

In Towa the work was carried on in cooperation with the Iowa
Geological Survey, George F. Kay, director; the Iowa Highway Com-
mission, F. R. White, chief engineer; and the Mississippi River Power
Co. of Keokuk, Iowa, R. H. Bolster, hydraulic engineer. The United
States Weather Bureau paid part of the observer’s salary at the station
on Des Moines River near Boone. The Iowa Railway & Light Co.
of Cedar Rapids furnished labor and material for the installation of
a water-stage recorder on Cedar River at Cedar Rapids, and the Inter-
state Power Co. of Chicago, furnished the same for the installation of
a recorder on Upper Iowa River near Decorah, and in addition paid
for the services of an observer.

In Illinois the work was carried on in cooperation with the Division
of Waterways, Department of Public Works and Buildings, W. L.
 Sackett, superintendent, and at single stations with the United States
Engineer Corps (Illinois River at Peoria) and the Central Illinois
Public Service Co. (South Fork of Sangamon River at power plant
near Taylorville).

DIVISION OF WORK.

The data for stations in the Hudson Bay basin, in Montana and
North Dakota were collected and prepared for publication under the
direction of W. A. Lamb, district engineer, Helena, Mont., assisted by
- E. F. Chandler, B. E. Jones, H. A. Noble, and W. L. Stockwell.
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The data for stations in the Hudson Bay and Mississippi River
basins in Minnesota were collected and prepared for publication under
the direction of W. G. Hoyt, district engineer, by S. B. Soulé and E.
F. Chandler, assisted by H. A. Noble, W. L. Stockwell and J. T.
Greenberg. , - o ‘

For stations in the Mississippi River basin in Wisconsin the data
were collected and prepared for publication under the direction of
W. G. Hoyt, assisted by S. B. Soulé, Roy S. Huffman, and J, W,
Harris. _

For stations in the Mississippi River basin in Iowa the data were
collected under the direction of W. G. Hoyt, by E. D. Burchard,
engineer in charge, assisted by R. H. Bolster, R. W. Clyde, C. Her-
lofson, A. Davis, and Neta Riddlesbarger.

The data for stations in the Mississippi River basin in Illinois were
collected under the direction of W. G. Hoyt, assisted by H. J. Dean,
H. E. Grosbach, and A. M. Wahl.

GAGING=STATION RECORDS.
HUDSON BAY DRAINAGE BASIN.

ST. MARY RIVER NEAR BABEB, MONT.
[Including diversion from Swiftcurrent Cfeek.]

¥

LocarroN.—In SE. } sec. 27, T. 36 N., R. 14 W., 1,040 feet above headworks of St.
Mary canal and 2 miles south of Babb, on Blackfeet Indian Reservation, in Glacier
County.

DRAINAGE AREA.—278 square miles (inciuding area of Swiftcurrent Creek above
point of diversion into St. Mary Lake); measured on topographic maps. .

RECORDS AVAILABLE.—January 1, 1902, to September 30, 1920. Records for years
1902 to 1917 containing revisions of previously published records are published in
Water-Supply Paper 491.

Gace.—Chain gage on right bank used October 1, 1918, to May 14, 1919, August 23 to
September 4, 1919, October 1 to December‘7, 1919, and May 14 to September 30,
1920. Stevens water-stage recorder on left bank, installed June 15, 1918, at
same datum as chain gage, used May 15 to August 22, 1919. Auxiliary staff gage

" on right abutment of highway bridge, installed June 14, 1919, used September
5-30, 1919, and December 16, 1919, to May 13, 1920. During winter of 1917 a
temporary low-water gage was read, located at site of water-stage recorder. Obser-
ver, William Olson.

DiscrARGE MEASUREMENTS.—Made from cable 560 feet below gage. In September,
1909, the cable was moved from a point about 300 feet downstream. Low-water
measurements are made by wading about 800 feet below gage.

CHANNEL AND coNTROL.—Bed composed of gravel and cobble stones; practically
permanent. Banks high and not subject to overflow. The concrete diversion
dam for St. Mary canal, located 1,040 feet below gage, forms the control. The
dam is provided with flashboard sluice gates near the canal headgates. Stage-
discharge relation is permanent when the flashboards in the sluice gates remain at
level of crest of dam and canal headgates are closed.

]
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 5.83 feet at noon May 31 (discharge, 4,740 second-feet); minimum flow
occurred during the period of maximum ice effect during months of February and
March (daily discharge not determined). .

Maximum stage recorded during year ending September 30, 1920, 5.31 feet
June 17-19 (discharge, 4,010 second-feet); minimum discharge, 88 second-feet
March 16-23 and March 29 to April 7 (gage height, 5.05 feet, auxiliary staff gage
datum). ' )

1902-1920: Maximum stage estimated 9.4 feet June 5, 1908 (discharge, 7,980
second-feet); minimum stage recorded, 1.0 foot April 3-7, 1904 (discharge, 30
second-feet).

Ice.—Stage-discharge relation affected by ice during severe winters.

Diversions.—None. .

Recunation.—Flow is regulated by Sherburne Lake reservoir and natural storage in
St. Mary Lakes.

Accuracy.—Stage-discharge relation affected by ice and by operation of gates of
canal. Two fairly well defined rating curves used during 1919, applicable Octo-
ber 1 to April 26 and April 27 to September 4. Rating curve used during 1920, for
open channel with gates closed, well defined for both chain gage and auxiliary
staff gage. Chain gage read to hundredths once daily October 1, 1918, to May 14,
1919, and August 23 to September 4, 1919, and to tenths once daily October 1,
to December 7, 1919, and May 14 to September 30, 1920. Mean daily gage
heights May 15 to August 22, 1919, ascertained from Stevens water-stage recorder.
Auxiliary staff gage read to quarter-tenths once daily September 5-30, 1919, and
December 16, 1919, to May 13, 1920. Daily discharge ascertained by applying
daily gage height to rating table except for periods of ice effect and for other
periods indicated in footnote to tables of daily discharge. Records good for
periods of open water with canal gates closed; other records fair.

The diversion dam below the gaging station was constructed by the United States
Reclamation Service for the purpose of diverting water from St. Mary River into St.
Mary canal, which carries the water across the divide inte North Fork of Milk River.
The water then flows in the channel of Milk River through Canada, and is finally
used for irrigation in the Milk River Valley in Montana. The present capacity of the
diversion canal is about 425 second-feet. A storage reservoir is provided on Swift-
current Creek by a dam at the outlet of Sherburne Lake. By means of a diversion
channel connecting Swiftcurrent Creek and Lower St. Mary Lake, the run-off from
Swiftcurrent Creek is made available for diversion through St. Mary canal.

Discharge measurements of St. Mary River near Babb, Mont., during the years ending
Sept. 80, 1919 and 1920.

1918, Feet, | Sec.-ft. 1919, Feet. | Sec.ft.
Dec. 10 | R. F. Edwards......... 1.30 128 || Aug. 19 1.90 694
22 1.89 709
Sept. 3 1.78 645
1.30 148 12 1.60 349~
1.42 199 20 1.4 240

2. 06 853

3.01 1,430 1920,

2.70 1,250 || June 25 4.32 2,810
2.24 848 || July 26 3.70 2,170
2.20 915 || Aug. 6 2.40 964
2.09 758 25 1.72 495

2.08 763

« Engineer, Reclamation Service, Department of the Interior, Canada.
105708—23——2
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Daily discharge, in second-feet, of St. Eary River near Babb, Mont., for the years ending
Sept. 80, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan, | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1918-19.
334 358 | 181 130 |....... 150 | 1,220 | 3,900 | 1,510 | 834 685
3231.°358 | 178 19(....... 165 | 1,370 | 3,050 | 1,430 687
310 38l7| 178 119 |....... 165 | 1,450 | 2,360 | 1,270 | 840 655
2091 2091 178 | 141 |....... . 178 (1,410 | 1,940 | 10170 | 853 644
299 209 I78| 116 ....... 173 | 1,330 | 1,730 | 1,100 | 853 627
299 | 209 178 | 113)....... 182 | 1,250 | 1,640 | 1,110 | 834 534
288 | 209 178 | 121 |....... 191 | 1,180 | 1,620 | 1,090 | 814 394
28| 31| 178| 110|....... 199 | 1,050 | 1,570 | 1,040 | 801 349
257 | 2571 157 108|....... 101 [ 1,000 [ 1,520 | "970 | 794 396
246 | 257 157 1,480 | 905, 775 366
246 | 257 | 157 1,300 | 918 | 775 344
246 | 26| 157 1,320 | 957 | 769 344
257 | 246 | 157 1,280 | 970 | 769 288
218 | 257 157 1,240 | 970 | 757 205
218 | 257 | . 157 1,190 | 964 | 751 277
288 | 22| 157 1,100 [ 957 | 751 o1t
358 | 2712 157 1,220 | 957 | 745 m
368 | 272 | 157 1,250 700 | 255
371 | 272| 157 1,280 | 924 | 703 249
410 | 246 | 157 ‘1,340 | 918 | 703 242
40| 238 157 1,300 | 9ig| 709 230
423 | 215| 157 1,400 | 924 | 709 27
423 202 150 1,550 | 957 | 739 235
410 205| 150 1,570 | 964 | 733 234
40| 182 150 1,550 | 957 | 727 222
40| 187 150 1,530 | 93t | 709 221
300| 180| 146 1,580 721 228
300 | 185 152 1,640 | 905 | 715 228
390 | 189 | 151 1,630 | 886 | 709 228
300 | 182| 145 1,600 | 868 | 703 243
378 |eeeeel] 43| 149 [l lilfeeeiiil|ee.e..ll 4420 [l 853 | 703 |.......
1919-20,
Locoernioean| 218 |ooel. eweeeed] 1400 180| 108 88| 207 | 1,400 | 1,970 | 1,480 493
2iieenn 204 140 190 108 88 | 207 1,310 | 2,080 | 1,670 423
3.. 149 | 172| 100 88| 3241,130 | 2,190 | 1,670 423
4 134 | 159 | 100 88 | 342 | 1,260 | 2,290 | 1,570 358
5oeeunn 118 | 159 92 88.| 324 1,310 | 2100 | 1,220 358
8. 118 | 149 92 88| 342 1,580 | 2,080 | 966 358
7 18 | 149 92 887 361 1,870 | 1,860 | 966 358
8.... 108 | 149 922 96| 442 {2,390 {1,770 | 680 358
9.. 108 | 149 92 96 | 556 (2,820 | 1,670 | 750 299
) (P 108 | 149 100 9 | 715 |3,050 | 1,480 | 750 200
08| 140 | 100| 100 | 864 | 3,160 { 1,480 | 750 299
108| 149 | 108 | 108 | 1,030 | 3,280 | 1,480 | 9686 290
108 | 134 | X 123 | 1,140 | 3,380 | 1,570 | 1,040 358
108 134| 100 | 108 1,050 | 3,380 | 1,570 | 1,120 423
108 | 134 100 123 | 1,220 | 3,620 | 1,570 | 1,120 718
108 | 134 88| 128/1,350 | 3,750 | 1,670 958
108 | 123 88| 123 1,690 | 4,010 | 1,870 | 822 878
108 | 118 88| 134 |1,900 | 4,010 | 2,100 | 680 878
108 1 118 88| 149 | 2,110 | 4,010 | 2,300 | 613 878
118 | 118 88| 134 |2,330 (3,880 | 2,300 | 479
us| 1us 88| 159 | 2,330 3,620 | 2,100 | 479 878
134 | 118 88| 1782330 3,510 | 2,100 | 613 798
23 134 | 118 88| 190 | 2,220 3,510 [ 2,190 | 590 798
24 134 | 108 96| 20922203280 (2100 553 718
25. 134 [ 108 96 209 2,000 | 2,802,190 | 479 718
2%.. 134 | 108 96| 22211,0%0 |2380 (2190 493 643
27.. 134 | 108 96 | 222 | 1,980 | 2,070 | 2,080 | 553 643
28 149 | 108 96| 260 | 1,770 | 1,860 | 1,080 | 493 568
29 149 | 108 88| 275| 1,670 1,860 | 1,480 | 493 568
30 149 .......] 88| 275| 1,490 | 1,860 | 1,480 | 493 568
- R 159 |ceeeees| 88 |eeael.. 1,400 |-...... 1,300 | 493 |...... .

Nom.—suf\e»djscharge relation slightly affected by fce Nov. 21 to Dec. 1, Dec. 27 to Jan, 10 and
Jan. 27-31, 1919; discharge ascertained by comparison with flow of St. Mary River near Kimball, Al-
berta. Stage-discharge relation seriously affeeteg by ice Feb. 1 to Mar. 31, 1919; mean discharge estimated
110 second-feet during February and 100 second-feet during March by comparison with flow of St. Mary
River near Kimball, Alberta. “Mean discharge Apr. 18-26, 1919, estimated at 400 second-feet by compari-
son with flow of 8t. Mary River near Kimball, Alberta, plus flow in canal at intake. Discharge Sept. g—ao,
1919, ascertained by applying daily gage heig]’]t to rating table and adding flow in canal at intake for each
day. Stage-discharge relation aﬂectedg by ice and by heavy draft in canal Oct. 21-24, 1919, discharge esti-
mated. Mean discharge estimated because of ice, as follows: Oct. 25-31, 1919, 90 second-feet; Nov. 1-13,
1919, 100 second-feet; Nov. 24-30, 1919, 150 second—feet; Dec. 1-15, 1919, 120 second-feet. Stage-discharge
relation may have been lightly affected by ice at times during j‘anuary and February, 1920, but open-
waterrating wasused. Discharge Oct, 1-20, 1919, May 25 to June 14 and June 22 to Aug. 27,1920, ascert

by applying a correction to daily gage height for effect of gate opening in canal'and then applying corrected
daily gage height to rating table.
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Monthly discharge of St. Mary River near J?iabb, Mont., for the years ending Sept. 30, 1919
and 1920.

Discharge in second-feet.
Month. acre-feet.
Maximum. | Minimum. | Mean.
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ST. MARY RIVER NEAR KIMBALL, ALBERTA.

Location.—In 8W. 1 sec. 25, T. 1 N., R. 25 W. fourth meridian, 1 mile south and 1
mile west of Kimball, Alberta, and 5 miles north of international boundary.

DRAINAGE AREA.—472 square miles (measured on topographic maps).

REcorps AvarLABLE.—January 1, 1913, to September 30, 1920. From September 1,
1902, to December 31, 1912, records were obtained at a point half a mile north

_of the boundary line, and are published in the water-supply papers under the

heading ¢“St. Mary River near Cardston, Alberta,” except in Water-Supply Paper
491 in which they are published, with revisions, under the heading ‘“St. Mary
River at Cook’s ranch, Alberta, near international boundary.”” A station was
maintained by the Alberta Railway & Irrigation Co. at a point half a mile below
the present station, from 1905 to 1908. It was taken over by the Irrigation
Branch (now the Reclamation Service), Department of the Interior, Canada,
in April, 1908, and operated until December 31, 1912. The records for this period
are published in Water-Supply Paper 491 under the heading ‘“‘St. Mary River
near Kimball, Alberta, near international boundary.”” The discharge at the
three points is practically the same.
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GaGE.—Stevens water-stage recorder with a concrete well and shelter on right bank
used during,open-water seagson. During winter a chain gage, attached to the
highway bridge 3 miles below the station is used. A staff gage at cable from
which measurements were made was used from October 1, 1917, to November 8,
1917. Observer, J. M. Dunn.

DISCHARGE MEASUREMENTS.—Made from a cable 1,200 feet above gage; low-water
measurements made by wading near gage.

CHANNEL AND coNTRoL.—Bed of stream at gage and at control composed of boulders
and sandstone ledges. Control is formed by an outcropping ledge of sandstone
covered with boulders near left bank.

ExTREMES OF DISCHARGE.—Maximum stage during year ending September 30, 1919,
from water-stage recorder, 6.13 feet at 11 a. m. May 30 (discharge, 4,380 second-
feet); minimum discharge, estimated 59 second-feet March 3 (stage-discharge
relation affected by ice).

Maximum stage during year ending September 30, 1920, from water-stage
recorder, 6.28 feet at 2 p. m. June 18 (discharge, 4,600 second-feet); minimum
discharge, estimated 46 second-feet December 1 (stage discharge relation affected
by ice).

1902-1920: Maximum discharge, 18,000 second-feet, June 5, 1908, estimated
from the crest stage at the station at Cook’s ranch, Alberta, by comparison with
record for station near Babb; minimum discharge, estimated 46 second- foet 2
December 1, 1919 (stage-discharge relation affected by ice).

Ice.—Stage-discharge relation affected by ice during severe winters.

Diversions.—The St. Mary canal, constructed by the United States Reclamation
Service, diverts water from St. Mary River near Babb, Mont., to the North Fork
of Milk River. Approximately 141,000 acre-feet were diverted during 1919 and
about 72,000 acre-feet during 1920. The Alberta Railway & Irrigation Co.’s
canal diverts water from St. Mary River about 2 miles below the station.

ReGULATION.—~The flow of Swiftcurrent Creek is regulated by the Sherburne Lake
reservoir.

Accuracy.—Stage-discharge relation not permanent; affected by ice and by shifting
control. Four rating curves used during open-water periods are well defined;
applicable October 1 to November 20, 1918, April 17, 1919, to October 20, 1919,
April 22 to June 18, 1920, and June 19 to September 30, 1920. Daily gage heights
obtained from Stevens water-stage recorder records by straight-line method
October 1 to December 30, 1918, April 1 to October 23, 1919, April 22 to May 2,
1920, May 4-6, 1920, and May 14 to September 30, 1920. Daily gage heights
during periods January 1 to March 31, 1919, October 24, 1919, to April 21, 1920,
and May 8-12, 1920, from observer’s readings once daily to hundredths on chain
gage at highway bridge 3 miles below water-stage recorder. Daily discharge
ascertained by applying daily gage height to rating table except for periods in-
dicated in footnote to tables of daily discharge. Records good.

CoOPERATION.—Station maintained in cooperation with the Reclamation Service,
Department of the Interior, Canada.

2 Only estimates df mean monthly flow are available for the winter periods from 1902 to 1912, inclusiv
and a lower minimum discharge may have occurred during that time.
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Discharge measuremenis of St. Mary River near Kimball, Alberta, during the years ending
Sept. 30, 1919 and 1920.

Gage | Dis- . Gage | Dis-
Date. Made by— height. | charge. Date. Made by height. | charge.
1918. Feet. | Sec.-ft. 1919, Feel. | Sec.-fi.
Oct. 14 | C. H. Ellacotte........ 2.70 343 || Aug. 12 | C. F. Corbett.......... 2.87 432
24 1., Lo 7+ S 2,98 439 18 | B.E.Jones.......on... 2,74 355
Nov. 11 |..... do..... beeeeeeenann 2.47 244 28 | Dawsone and Jones....| 2,69 344
8|..... [+ 2,61 294 || Sept. 6 | C. F. Corbett.......... 2.65 332
Dec. 3 |..... [+ s T, 52,33 192 23 | 8. G.Dawson.......... 2.24 203
6 ]..... [+ 1 T b2,20 193 28 | Corbett and Fordea..... 2.30 199
28 |..... 4 03,22 155. (| Oct. 4| O.H.Hoovere....... g2 174
181..... [ L R 191 121
1919. Nov. 13 |..... [« o 4,35 122
Jan. 5 ..... [ 5:74 132 || Deec. 3 | Hoover and McLeanc..| 5.13 103
20 | Newhalle and Ellacott.| 5.24 149 22 | H.J. McLean.......... 5.04 196
27 | C. H. Ellacott..........] 5.28 186
28 | R. F. Edwards........ 5.32 180 1920.
Feb. 10} C. H. Ellacott.......... 5.08 183 || Jan. 13 5.13 173
16 ]..... [ 0 S 5.05 159 | Feb. 2. 5.79 226
Mar. 8| A. W, P. Lowriea..... 4.94 122 23 |. 5.48 151
18 |..... [ 0 T 5,20 132 || Mar. 17 |. 5.62 136
27 | C. H. Elacott..........| 5.08 134 || Apr. 2 |. 4.88 104
-2 20 DY s '+ SO 5.20 285 19 5.15 7
Apr. 8|..... B SR, 02,44 236 || May 15 454 | 1,739
15| W. A. Lamb....... o] D2.40 243 23 5.24 2,630
21 | C. H. Ellacott.......... 2.25 200 || June 7 4.75 1,862
22 |..... [ Lo RN 2.05 148 23 5.74 3,610
. 24 |..... [ L T, 1.92 127 23 5.80 3,698
May 16 | Corbett  and Newhall.| 3.14 554 | July 28 448 | 1,710
29 | C. F. Corbett..........| 6.05| 4,220 | Aug. 1 3.94| 1,193
June 14 d 3.75 985 8 3.06 4521
July 5. 3.46 743 18 | S, G. Dawsonea........| 3.02 486
24 3.20 509 || Sept. 25 | A. W. P, Lowrie....... 3.46 740
Aug. 1 2.98 463 .

@ Engineer, Reclamation Service, Department of the Interior, Canada.

b Stage-discharge relation affected by ice; gage height from staff gage at regular section.

¢ Engineer, Water Power Branch, Department of the Interior, Canada.

@ Measurement made by wading below Alberta Railway & Irrigation Co.’s canal intake; flow in canal
(472 second-feet) included in result.

NoTE.—Stage-discharge relation affected by ice during periods January to March, 1919, and Oct, 24, 1919,
to Apr.21,1920. Measurements during these periods referred o chain gage on highway bridge 3 miles below
water-stage recorder.
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. Daily discharge, in second-feet, of St. Mary River near Kimball, Alberta, for the years
ending Sept. 30, 1919 and 1920.

Day. Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept.

1918-19.
195 139 172 77 272 3,584 | 1,246 466 330
19| 1 171 68| 286 1,112 2,902 | 1,112 209
90| 181 170 59| 2021162226 978 | 470 296
197 154| 174 67| 296|1,153| 1,790 | 833 292
197 131 179 75 268 | 1,072 | 1,564 752 475 375
192 129 77 115 243 | 1,001 | 1,474 752 470 326
176 139 174 131 240 962 | 1,436 737 457 269
169 129 178 121 235 871 | 1,398 701 452 233
160 119 182 121 235 803 | 1,360 645 292
135 12 182 123 246 737 | 1,281 559 421 260
164 135 182 123 249 652 | 1,105 550 417 289
b 125 163 95 252 613 | 1,006 594 413 272
1 15 137 119 258 581 | 1,025 607 408 23
169 125 138 79 258 531 970 619 404 292
148 139 140 97 243 510 1 587 400 266
182 137 159 119 238 542 924 581 387 240,
171 137 148 140 246 587 587 375 225
151 150 131 131 246 645 | 1,001 581 366 214
141 150 115 129 166 737 | 1,025 564 358 217
156 150 109 113 180 962 | 1,064 553 358 220
141 103 131 207 | 1,263 | 1,137 559 362 227
182 o1 | 31| 173]1,607|1,220| 559 | 362 220
145 80| 125| 1382176 |1,280 | 575 | 362 217
124 69| 119| 1342612 |1,307| 575| 358 207
143 69 00| 1472 1,208 | 553 | 346 204
151 109 225 | 3,008 | 1,263 553 350 222
148 133 289 | 3, 1,238 553 342 227
155 154 | 342 3,708 | 1,254 | 536 | 342 233
155 184 564 | 4,110 | 1,307 510 338 217
151 234 | 826 (4,306 1,307 | 500 | 326 217
140 285 |....a0. 4,052 |...... . 490 328 |.veunae
46| 196 | 22| 120| 3471 472 1,344 1,927 | 1,144 485
60| 218 226| 119 416 | 1,270 | 2,118 | 1,335 490
103 m‘} 257 | 129 107! 476 | 1,191 | 2,200 | 1,405 495
97 20! 321 126 135 535 | 1,108 | 2,226 | 1,395 462
101 325 115 148 681 | 1,297 | 2,118 | 1,125 449
127 189 340 111 170 918 | 1,486 | 2,066 817
123| 177| 355 127 170 | 1,183 | 1,761 | 1,939 | 620 416
133 189 | 350 | 172 194 | 1,458 2,266 | 1,691} 515 408
139 | 201| 367| 204| 234|1,353|2,025|1,530 | 490 400
142 | 189 | 325| 236 234 1)101(3,324 (1,468 530 392
152 165| 283| <228 234 |1,288 3,457 |1,405| 535 384
142 65| 277| 209 | 300 | 1,693 [ 3,590 | 1,446 | 620 380
119 172 267 209 481 | 1,676 | 3,628 | 1,658 757 380
123 212 248 375 886 | 1,660 | 3,780 | 1,572 809 436
172 283 236 109 750 | 1,761 | 3,989 | 1,499 809 650
194 251 225 152 730 | 1,807 | 4,255 | 1,572 778 841
194 | 209| 186 | 136 8402090 (4331 | 1,601 | 620 942
206 | 196| 194| 140| 875|2,424 | 4,445 | 1,015| 500 033
206 196 191 140 887 | 2,475 | 4,218 | 2,200 428 908
206 ™| 133 570 | 2,614 | 3,904 | 2,213 | 368 899
219 467 | 300|2,758(3,813{2,172| 304| 942
194 518 | 332 | 2,740 | 3,633 | 1,988 | 420 809
196 497 350 | 2,650 | 3,633 | 1,039 467 849
251 508 | 3902|2758 | 3,525 | 1,927 | 462 801
270 434 | 3722424 | 2,867 | 1,903 | 449 743
317 351 | 372 | 2,148 2,452 | 1,908 | 472 676
310 351 548 | 1,930 | 2,053 | 1,819 476 608
320 371 724 1,715 | 1,879 {1,724 | 568 568
267 379 | 562 | 1,515 | 1,855 | 1,446 | 546 602
222 355| 520 1,420 {1,831 | 1,315 | 567 574
184 404 |.......| 1,362 |....... 1,125 | 525 |.......

NoTE.—Stage-discharge relation affected by ice Nov. 21, 1918, to Apr. 16, 1019, and Oct. 21, 1919, to Apr.
21, 1920; discharge ascertained by means of gage heights, discharge measurements, observer's notes, and
weather records. Discharge interpolated on account of lack of gage readings Dec. 3l 1018; Jan. 3, 8, 12, 19,
26, 30, Feb, 2, 6, 8, 14, 18, 20, 22, 23, 25, 28, Mar. 2, 4, 9, 16, 23, 30, Oct. 27, 29, 1919; and Apr. 10, 27, May 3,7,
13, 1920. Discharge estitnated on account of lack of gage readings Feb. 9, Mar. 11, and Oct. 24, 25, 31, 1919.
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Monthly discharge of St. Mary River near Kemball, Alberta, Jor the years endmg Sept. 30,

ischarge in second-fest.
Dis rein S t Run-off
Month. in
Maximum. | Minimum.| Mean, | Scre-feet.
566 304 304 2,200
352 190 259 15,400
197 124 162 9,960
191 115 150 9,220
182 60 135 7,500
. 285 59 123 7,560
826 134 266 15,800
4,306 510 1,500 97,800
3,584 924 1,390 82,700
1,246 490 649 39,900
480 326 396 24,300
375 204 255 15,200
4,306 5 483 350,000
207 104 145 8,920
513 60 165 9,820
320 46 179 11,000
283 48 181 11,100 :
367 123 229 13,200
518 1 259 15,900
887 104 429 25,500
2,758 416 1,660 102, 000
4,445 1,108 | 2,840 169, 000
2,226 1,125 1,800 111,000
1,405 304 672 41,300
942 380 615 36,600
4,445 46 764 555,000
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Combined daily discharge, in second-feet, of St. Ma
St. Mary canal at St. Mary crossing, near Babb,
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River near Kimball, Alberta, and
ont., for the years ending Sept. 30,

1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.
1918-19.

1 377 | 852 195| 139| 172 77| 27211,349 3,973 | 1,626 | 854 719
2 364 | 352 190 | 120| 171 68 | 286 |1,480 | 3,200 | 1,494 | 854 686
3 352 | 324| 190| 131| 170 59 | 202 | 1,534 | 2504|1361 | 859 682
4 348 | 3161 197 | 154 | 174 67 | 206 1,541 | 2179 | 1,215 | 869 677
5 340 | 207| 197 131! 179 75 | 263 | 1,466 | 1,955 | 1,136 | 861 697
6 336 | 283 | 192 | 129 177 115| 243 (1,399 | 1,865 | 1,143 | 855 629
7 332 | 286 176 | 139 174 | 131 | 240 |1,348 | 1,822 13128 | 842 587
‘8 328 276! 1690 | 129| 178 | 121 | 235|1,256 1,788 1,004 | 837 527
9 3121 28| 160 119| 182| 121| 235|1,191 | 1,748 | 1,035 | 818 450
10.. 304| 276 135 129 182 123 | 246 1,125 |1,673| 951 | 808 451
11 304 | 254! 164 | 135 | 182! 123 | 249 (1,040 | 1,587 | 953 | 805 415
12 324 | 241 164| 125| 163 95| 252 1,001 [ 1,488 | 989 | 803 305
13 316 | 258( 153 | 115| 137 | 119| 258 | 978 | 1,417 | 997 | 800 361
14 336 | 258| 169 | 125| 138 79 | 258 | 938 11,362 (1,008 | 796 368
15.. 348 | 261 | 148| 139 | 140 97| 243| 921 1,320| '975 | 792 34
16 300 | 276 | 182 | 137 | 159 | 119 238! 935 /1,313 | 969 778 317
17 412 290| 171 137 | 148 | 140 | 246 989 | 1,357 | 977 | 767 301
452 | 204 | 151 | 150 | 131 | 131 | 246 1,047 [ 1,391 | 972 | 755 292
19 521 | 279 141 150 115| 129| 166 |1,142|1,414| 953 | 748 289
20 566 | 261 | 156 150 | 109 113 | 180 |1,355| 1,452 | 942 | 748 288
‘ 540 | 248 | 141 131 | 207 ]1,658 | 1,525 | 949 | 753 296
22 521 | 2251 182 131 | 312} 1,998 | 1,616 | 949 | 752 288
23 484 | 212| 145 125 | 345 | 2,548 | 1,679 | 964 | 753 285
24 452 | 215 | 124 119 | 364 | 2,990 | 1,694 | 985 | 747 274
25 41| 192 143 99 | 304 (3,223 1,684 | 044 735 269
26.. 436 | 197} 151 109 | 447 | 3,384 | 1,647 | 942 | 739 281
27 426 1 190 | 148 133 | 537 /3,680 | 1,622 | 941 | 732 285
28 408 195! 155 154 | 616 4,179 | 1,640 | 922 | 731 290
29 403 199 155 184 | 865 4,496 | 1,691 | 895 | 725 273
30 372 | 192 151 234 | 1,154 | 4,695 | 1,690 | 887 | 713 275
31.. 360 |.......| 140 285 |..L... 4438 |..._...| 878| 715 |.......
207 | 154 46| 196 226 | 129 | 347 | 472 1,681 | 2,300 |1,584 485
129 60| 218 226| 119| 104 | 416 | 1,586 | 2,484 |1,771 490
187 127| 103 2001 | 257 | 129 107 | 476 | 1,523 | 2,574 [1,857 495
175 113 97| 21| 321| 125| 135| 535 | 1,453 | 2,646 1,854 462
168 140 101 206 | 325| 115 148| 681 |1,504 | 2,540 |1,586 449
156 | 105 127| 189 340 | 111 | 170 | 918 | 1,831 | 2,486 1,278 436
147 | 125| 123| 177 355 127| 170 1,188 | 2,083 | 2,330 1,095 416
1 13| 133 | 189 359 | 172 | 194 | 1,458 | 2,625 | 2,113 | 995 408
150 | 111| 139 201 | 367 | 204 | 234 1,353 |3,277 | 1,960 | 959 400
150 | 131| 142| 189 | 325| 236 | 234 1,191 |3,632| 1,298 | 964 392
150 | 131 | 152| 165| 283 | 228 | 234 |1,288 3,809 | 1,835 | 969 384
47| 131] 42| 165| 277| 209 | 300 | 1,693 | 3,945 | 1,878 [1,054 380
138 11| 19| 72| 267 209 | 481 | 1,676 | 3,983 | 2,004 [1,191 380
130 | 111§ 123 212| 248 | 375 | 886 | 1,660 | 4,001 | 2,006 |1,241 436
123 131 172 283 | 236 | 109 750 | 1,761 | 4,313 | 1,933 {1,241 650
123 | 137| 104 | 251 | 225| 152 730 1,807 | 4,622 | 2,000 |1,210 841
125| 137 | 194| 200| 186 | 136 | 840 2,090 | 4,711 | 2,127 |1,054 942
125 137 | 206 | 196 | 194 | 140| 8752424 | 4,766 | 2,351 | 938 933
121 135, 206 196 191 140 887 | 2,475 4,598 | 2,636, 834 908
19| 152 206 79| 133 | 234 | 570 | 2,614 | 4,306 | 2,647 | 772 899
106 | 152 | 219 87| 165 | 467 | 300 | 2,758 | 4,215 | 2,608 | 706 942
106 | 222 | 194 67| 165 | 518| 332|2,740 | 4,039 | 2,428 | 651 899
1 300 | 196 49 | 150 | 497 | 350 | 2,650 | 3,968 | 2,379 | 641 849
115 251 48 | 157 | 508 | 392 |2,758 3,912 | 2,367 | 615 801
130 | 513 270 154 | 140 | 434 372 |2 3,277 | 2,343 | 601 743
159 | 355| 317 | 219| 150 | 351 | 372 2,357 3,802 2,343 | 571 676
158 | 200| 310] 201 | 123 | 351 | 548 |2,150 | 2,465 | 2,261 | 567 608
157 60| 3201 =212| 133 | 371| 721, 2,207 | 2,164 | 5857 568
157 60| 267 | 206| 123| 379) 562 | 1,818 | 2,246 | 1,882 | 550.8 602
157 60 | 222 231 |....... 355 | 520 | 1,750 | 2,229 | 1,753 | 560.2 574
157 ... 184 | 228 |.......| 404 |....... 1,695 |....... 1,563 | 527 ...

Note.—For tables of daily discharge of St. Mary canal at St. Mary crossing, see.p. 23.
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Combined monthly discharge of St. Mary River near Kimball, Alberta, and St. Mary
c(;%l at St. Mary crossing, near Babb, Mont., for the years e'ndmg Sept 30, 1919 and
1

Discharge in second-feet.
ond-feet Run-off
Month. in
Maximum. | Minimum.| Mean. acre-feet.
1918-19.
566 304 394 24,200
352 190 223 15,400
197 124 1 9, 960
191 115 150 9,220
182 60 135 7,500
285 59 123 7,560
1,154 166 | . 340 20,200
4,695 921 | 1,978 122,000
3,973 1,313 | 1,788 106, 000
1,626 878 1,037 63, 800
869 713 785 48,300
9 269 410 24, 400
4,605 50 633 459, 000
207 104 145 8,920
513 60 165 9,820
320 46 179 11,000
283 48 181 11,100
367 123 229 13, 200
518 111 259 15,900
887 104 429 25, 500
2,758 416 1,720 106, 000
4,766 1,453 | 3,19 190, 000
2,647 1,563 2,224 132, 000
1,857 527 1,001 59, 600
942 380 615 36, 600
4,766 6 863 620, 000

NUL:E.—FOI tables of monthly discharge of St. Mary canal at St. Mary crossing, see p. 23.

ST. MARY CANAL AT INTAKE, NEAR BABB, MONT.

LocarioN.—In NW. % sec. 27, T. 36 N.,"R. 14 W., 600 feet below intake of canal and
2 miles south of Babb, on Blackfeet Indian Reservation, in Glacier County.

RECORDS AVAILABLE —June 1, 1918, to August 31, 1920.

Gage.—Gurley printing Water-stage recorder in wooden shelter on nght bank. Prior
to April 17, 1919, a staff gage 300 feet above present gage wasread. The two gages
were set to read the same but are not at the same datum on account of the slope
in canal between the two points.

DiscEARGE MEASUREMENTS.—Made from cable 10 feet above gage. Current is evenly
distributed throughout cross section and has a moderate velocity at all stages.

CHANNEL AND cONTROL.—Bed composed of gravel. Repairs to canal may cause slight
changes in stage-discharge relation.

EXTREMES OF DISCHARGE.—Maximum stage recorded durmg year endmg September
30, 1919, 6.23 feet May 15 (discharge, 550 second-feet).

Maximum stage recorded during year ending September 30, 1920, 7.04 feet
August 8 (discharge, 655 second-feet).

1918-1920: Maximum stage recorded, 7.04 feet August 8, 1920 (discharge, 655
second-feet).

Icr.—Canal not operated during winter.
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Accuracy.—Stage-discharge relation changed during period June 2 to July 8, 1919,
when channel was being repaired; permanent during other periods. Two rating
curves used during 1919, the first, applicable April 18 to June 1, is fairly well
defined between 130 and 552 second-feet, and the second, applicable July 9 to
September 30, is well defined between 20 and 512 second-feet. Rating curve
used during 1920 is well defined between 10 and 650 second-feet. Operation of
water-stage recorder unsatisfactory during 1919; gage heights were obtained from
observer’s readings twice daily to hundredths on staff gage 300 feet upstream from
recorder. Gage heights during periods June 25 to August 12, and August 25-31,
1920, were obtained from Gurley printing water-stage recorder records; observer’s

" readings once daily to hundredths on staff gage 300 feet upstream from recorder,

. used for other periods during 1920. Daily discharge, April 18 to June 1, 1919, ascer-
tained by applying mean daily gage height to rating table; June 2 to July §, 1919,
by indirect method for shifting control;. June 25.to August 12, 1920, and August
25-31, 1920, by applying mean daily gige height from Gurley printing water-stage
recorder to rating table, and during other periods in 1920 by applying observed
daily gage height to rating table. Records prior to July 9, 1919, are fair and there-
after during 1919 they are good. Records for 1920 are excellent.

CooPERATION.—Station maintained in cooperation with Reclamation Service, De-
partment of the Interior, Canada. .

St. Mary canal diverts water from the west bank of St. Mary River near Babb,
Mont., and discharges into the North Fork of Milk River. The water then flows in
the natural channel of Milk River through Canada and is finally used for irrigation
in the Milk River Valley east of Havre, Mont. Water may be returned to the St.
Mary River at St. Mary crossing.

Discharge measurements of St. Mary canal at intake, near Babb, Mont., during the years
ending Sept. 30, 1919 and 1920. ’

Gage Dis- Gage | Dis-
Date. Made by— height. | charge. Date. Made by— height. | charge.
1019, PFeet. | Sec.ft. 1919. Feet. | Sec.St.
Apr. 18 2.50 136 || Sept. 11 | C. F. Corbett.... 3.00 144
30 5,60 468 20 | B. E. Jones.... el 239 88
May 14 6.23 549 || Oct. 2| Corbettand Forde.....| 1..93 70
18 6.16 542
June 18 5,92 491 1920.
18 5.94 506 || May 28 4.88 | 369
July 9 5.95 495 || June 9 5.66 457
10 5.96 493 25 6.21 542
28 5.98 497 || July 26 6.41 566
28 5.98 507 || Aug. 2 6.54 574
Aug. 15 6.04 500 6 6.75 613
19 6.02 479 25 3.36 185
22 6,04 504 27 2.47 105
Sept. 3 6.02 493 27 2.46 109
10 3.82 224 31 .58 12,5

a Engineer, Reclamation Service, Department of the Interior, Canada.
> Enginesr, Water Power Branch, Department of the Interior, Canada.
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Daily discharge, in second-feet, of St. Mary canal at intake, near Babb, Mont., for the years

ending Sept. 30, 1919 and 1920.

Day. Apr. | May. | June.| July. | Aug. | Sept. June. Aug.
500 | 491 502 563

409 | 493 | 502 573

500 493 | 502 585

502 | 491 502 597

502 | 401 | 502 606

499 | 493 | 502 609

502 | 493 | 501 643

502 | 493 [ 502 655

495 | 491 | 502 604

502 | 491 | 502 566

500 | 494 | 502 563 | 564

497 | -492 | 502 564 | 569

499 | 492 | 502 564 | 566

497 | 494 | 502 563 | 564

500 1 495 501 560 | 564

502 | 498 | 502 553 | 564

500 | 4971 501 563 | 556

409 | 499 | 502 563 | 559

409 | 498 | 504 560 | 519

409 | 499 | 502 563 | 522

500 | 499 | 501 564 | 528

498 | 499 |. 502 566 | 230

498 | 499 | 504 566 | 179

498 | 499 | 501 566 | 192

499 | 495 | 498 | 502 564 | 163
497 | 495 | 499! 502 564 | 106
502 | 495| 498 502 563 92
502 . 495 | 491 501 562 12,5
409 | 494 | 499 501 553 12.5
500 | 493 | 502 | 502 560 12.5
499 |...... 502 | 502 557 12.5

Monthly discharge of St. Mary canal at intake, near Babb, Mond., for the years ending Sept.

30, 1919 and 1920.

Discharge in second-feet.
Run-off in
Month. acre-feet.
Mean.

462 290 7, 480
550 517 31, 800
502 499 29, 700
502 406 30, 500
504 502 30,900
502 177 10, 500
550 428 141, 000
95 72.3 3,300
431 351 4, 870
555 492 29, 300
566 561 34, 500
655 422 25,900
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ST. MARY CANAL AT ST. MARY CROSSING. NEAR BABB, MONT.

LocatioN.—In NE.  sec. 30, T. 37 N., R. 13 W. Montana meridian, 250 feet east of
outlet of siphon by which canal crosses St. Mary River, 10 miles below intake,
and 9 miles north of Babb, in Glacier County.

RECORDs AvAILABLE.—July 6, 1918, to August 31, 1920.

GaGeE.—Stevens continuous water-stage recorder in wooden shelter on right bank;
installed April 22,1919. During 1918 a Stevens water-stage recorder on concrete
entrance to flume, 313 feet downstream from present recorder, was used.

DiscHARGE MEASUREMENTs.—Made from cable 188 feet below gage.

CHANNEL AND cONTROL.—Control is at the head of the steel flume 313 feet below gage
and is practically permanent. ‘

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919; 6.61 feet at 4 p. m. May 15 (discharge, 421 second-feet).

Maximum stage recorded during year ending September 30, 1920, 4.69 {eet at
11 p. m. August 8 (discharge, 487 second-feet).

1918-1920: Maximum discharge recorded, 487 second-feet at 11 p. m. August 8,
1920,

Ice.—Canal not operated during winter.

Accuracy.—Stage-discharge relation practically permanent. Rating eurve used
during 1919, well defined between 45 and 410 second-feet. Rating curve used
during 1920, well defined between 10 and 500 second-feet. Mean daily gage
heights obtained from water-stage recorder graph by inspection except for May 25
and August 28 when hourly-discharge method was used. Daily discharge ascer-
tained by applying mean daily gage height to rating table except for period
indicated in footnote to tables of daily discharge and except for days for which
hourly-discharge method was used. Records excellent.

CooPERATION.—Station maintained in cooperation w1th Reclamation Service, Depart-
ment of the Interior, Canada.

Discharge measurements of St. Mary canal at St. Mary crossing, near Babb, Mont.,
during the years ending Sept. 80, 1919 and 1920.

Gage Dis- Gage | Dis-

Date. Made by height. | charge. | Date: Made by height. | charge.

1919. Feet, | SecHt. Feet. Sec.—;t.
May 1| C.H.Elacotte........ 5.95 357 : 4.01 35

. Lamb....c...... 6.40 402 2.88 182
19 | Corbettaand Newhaila.| 6,46 417 4.03 355
Jude 2 | Burleyeand Dawsonea.| 6.28 380 4,19 376
14 | Jones and Dawson..... 6.28 376 4.31 401
C.F.Corbett..c........ 6.32 401 4.31 396
do. 6.32 404 4,31 406
6.28 390 4.39 429
6.32 377 4.45 435
6.27 378 4.47 441
5.55 315 4,48 428
4,21 192 4.51 439
3.36 122 4,68 490
2,23 55 8. G. Dawson.. 4,29 407
W.A. Lamb... 2.51 151
S. G, Dawson 1.96 96
3.54 282 W.A.Lamb. 1.96 97

3.84 333 28 l..... A0eseneans .86 12.4

@ Engineer, Irrigation Branch, Department of the Interior, Canada
b Engineer, Reclamation Servwe, epartment of the Interior, Canada.
¢ Engineer, Water Power Branch, Department of the Interior, Canada.
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Daily discharge, in second-feet, of 8t. Mary canal at St. Mary crossing, near Babb, Mont.,
Jor the years ending Sept. 30, 1919 and 1920.

Day. Apr. | May.| June.| July.| Aug. | Sept. Day. Oct. | May. | June. | July. | Aug.
1919—20

355 | 389 38)| 388 389 1 373 | 440
368 | 383 ] 382 | 38| 387 366 | 436
372 | 388 3831 389 386 374 | 452
3 389 382 389! 385 420 | 459
304 | 391 384 | 386 322 422 | 461
398 391 391 385| 303 420 | 461
336 [ 386 | 391 385 298 391 | 475
385 | 390 393| 385 294 422 | 480
388 | 383 390! 384 198 430 | 469
3 392 | 392! 387 191 430 | 434
3881 302 394 388 126 430 | 434
3 392 | 395 | 390 123 432 | 434
397 392 | 390 | 392 98 436 { 434
407 | 392 ) 3801 392 76 434 | 432
411 | 389 388 | 392 78 434 | 432
393 | 3%9: 383 | 391 77 428 | 432
402 | 387 390 392 76 436 | 434
402 | 390 | 391 | 389 78 436 | 436
405 339 ( 389 390 72 436 | 406
393 | 383 380 390 68 434 | 404
395 | 338! 390} 391 69 436 1 402
391 387 390! 390 68 440 | 231
372| 390 | 389 391 68 440 { 174
378 | 387 | 390 | 339 67 440 | 153
373 | 386 391 | 389 65 440 { 152
376 | 384 | 380 | 389 59 440 99
380 | 384 | 388 | 390 58 442 91
381 | 386 336 | 389 57 440 17.7
386 | 384 | 385 387 56 436 4.8
380 | 383 | 387 | 387 58 438 3.2
386 [...... 388 | 389 [...... 438 2.

NotE.—~Operation of water-stage recorder unsatisfactory during period April 27-30, 1919; discharge

interpolated.

Monthly discharge of St. Mary canal at St. Mary crossing, near Babb, Mont., for tke years
ending Sept. 30, 1919 and 1920.

Discharge in second-feet.
Run-offin
Month. acre-feet.
Maximum. | Minimum. | Mean.
328 139 244 4,360
411 355 388 > 900
392 383 388 23,100
395 380 389 23, 900
392 384 389 23,900
389 56 155 9,220
411 56 337 108, 000
79 30 53.0 2, 520
333 44 246 3,420
418 207 359 21,400
442 366 428 26, 200
480 2.0 328 20, 200
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ST. MARY CANAL AT HUDSON BAY DIVIDE, NEAR BROWNING, MONT.

Location.—In NE. 1 sec. 5, T. 37 N., R. 11 W., on Hudson Bay Divide, 12 feet above
first concrete drop in canal, on Blackfeet Indian Reservation, a quarter of a mile
south of international boundary, and 30 miles north of Browning, in Glacier
County. ’

RecorDs AvarLaBrLe.—July 3, 1917, to August 31, 1920.

Gaar.—Stevens water-stage recorder in wooden shelter on left bank used since June
29, 1920. The recorder was on right bank 40 feet above present site during 1919
and from May 25 to June 28, 1920. Prior to 1919 a staff gage at different datum
located at Douglas bridge 1 mile above was used.

CHANNEL AND CONTRoL.—Canal has uniform section. At high stages the slope of
water surface changes slightly with the change in stage. Control is a V-shaped
notch in the concrete drop 12 feet below gage.

ExTrEMES OF DIBCHARGE.—Maximum stage recorded during year ending September
30, 1919, 6.20 feet at 7 p. m. May 15 (discharge, 416 second-feet).

Maximum stage recorded during year ending September 30, 1920, 5.92 feet at
6 p. m. August 9 (discharge, 472 second-feet).

1917-1920: Maximum discharge recorded, 472 second-feet at 6 p. m. August 9,
1920.

Ice.—Canal not operated during winter.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice
October 24-26, 1919. Rating curve used during 1919 is fairly well defined for all
stages. Two well-defined rating curves used during 1920, applicable respectively,
‘May 26 to June 28 and June 29 to August 31. Mean daily gage height obtained by
inspection from water-stage recorder graph. Daily discharge ascertained by
applying mean daily gage height to rating table except for periods May 26-29, and
September 22, 23, and 27-29, 1919, for which it was ascertained by hourly-dis-
charge method and except for period October 24-26, 1919, when stage-discharge
relation was affected by ice for which it was estimated. Records excellent.

CoorrraTION.—Station maintained in cooperation Wlth Reclamation Service, De-
partment of the Interior, Canada.

Discharge measurements of St. Mary canal at Hudson Bay divide, near Browning, Mont.,
during the years ending Sept. 30, 1919 and 1920.

. Gage Dis- . Gage | Dis-
Date. Made by height. | charge. Date. Made by height. | charge.
1819. Feet. | Sec.ft. 1920. Feel, | Sec.-ft
i}pr. 25 | C.H. Ellacotta. | 5.02 224 May 29 5,25 283
a; .A.Lamb.... 6.10 410 June 5.64 341
6.02 389 5.66 357
6.04 374 5.88 381
Lamb and Jones 6,04 | 391 6.03 418
July ' 8 | C. F.Corbett.. 6.02 382 6.03 414
25| W.A. Lamb. 6.03 370 6.03 408
26 | C. F. Corbett. 5.99 374 July 5.75 443
Aug. 4 |.....do..oiee... 6.00 380 5.72 432
Dawsona and Jones 5.99 367 5.73 40
............... 6,00 381 Aug. 5.77 448
Sept. 10 | C. F. Gorbett 4.64| 185 5.90 | 468
13 | 8. G, Dawson 3.98 112 3.75 140
22 |..... [« [ R .. 38.37 69 .- 3.14 92
Oct. 1| Corbettand Forda..... 2.97 49.0 29 do 1.64 17.4
* 7 25 |°O.H.Hoovere......... b2.61 15.8 || Sept. 1| W.A. Lambh........... .93 4.5

e Engineer, Reclamation Service, Department of the Interior, Canada.
b Sta arge relation affected by ice.
¢ Engineer, Water Power Branch, Department of the Interior, Canada.
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at Hudson B?ly divide, near Browning,
, 30, 1919 and 1920.

Day. Apr.

May.

June.| July.| Aug.| Sept.

Oct. | May.

June. | July. | Aug.

410 | 435
392 | 437
381 | 445
392 | 447
421 | 452
435 | 454
435 | 458 -
415 | 464
426 | 469
438 | 457
440 | 440
454 | 438
445 | 438
442 | 435
440 | 435
438 | 437
438 | 437
438 | 430
438 | 423
438 | 411
438 | 411
447 | 376
438 | 235
438 | 162
440 | 148
438 | 135
438 95
438 79
438 27
438 7.3
437 5.1

Monthly discharge of St. Mary canal at Hudson Bay divide, near Browning, Mon-t., Jor
the years ending Sept. 50, 1919 and 1920.

Discharge in second-feet. Run-off
Month. in acre-
Maximum. | Minimum. | Mean. feet

310 155 234 3,710

408 336 379 23,300

388 377 382 22,700

3 374 23,400

336 377 382 23, 500

375 52 158 9, 400

52 332 108,000

64 2 47.4 2,440

328 72 248 2,930

416 313 364 21,700

454 381 432 26, 600

5.1 330 20, 800

SWIFTCURRENT CREEK AT MANY GLACIER, MONT.

Locarron.—In sec. 12, T.35N., R. 16 W., at outlet of McDermott Lake at Many Gla-
cier, in Glacier National Park, 14 miles southwest of Babb, in Glacier County.

DRAINAGE AREA.—31, 4 square miles (ineasured on topographic map).

REecorps avamwasBLE.—June 6, 1912, to September 30, 1920.
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Gaee.—Stevens continuous water-stage recorder installed June 15, 1918, in shelter
built by park officials and Great Northern Railway, and referred to twostaff gages,
one inside well and one outside.. Prior to May 23, 1916, a staff gage on the left
bank opposite the present gage wasread. May 23, 1916, to June 15, 1918, a verti-
cal staff at same location as present gage wasread. Gageread by A. Pullman and
C. N. McGillis.

DiscEARGE MEASUREMENTS.—Made by wading above crest of falls or 1,000 feet below
atlowstage. SinceJune 26,1920, high-watermeasurements made from cable 1,000
feet below gage; prior to that date from highway bridge above power house.
Section at bridge is poor.

CHANNEL AND cONTROL.—Control is limestone outcrop at outlet of lake; sh1fts slightly.
Just below controlis a fall and a cataract.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 4.00 feet at 1 a.m.May 28 (discharge, 1,100 second-feet); minimum stage,
1.40 feet January 14-16 (discharge, 23 second-feet). '

Maximum stage recorded during year ending September 30, 1920, 3.86 feet at
noon June 16 (discharge, 1,020 second-feet); minimum stage, 1.35 feet at 8.30 a. m.
March 8 (discharge, 18.5 second-feet).

1912-1920: Maximum stage recorded, 4.75 feet June 17, 1916 (discharge, 1,550
second-feet); minimum discharge, 8.7 second-feet April 1, 1913, by current-meter
measurement (stage-discharge relation affected by ice).

Ice.—Stage-discharge relation occasionally affected by ice.

Drversions.—None.

RecuLnaTion.—None.

Accuracy.—Stage-discharge relation changed during 1919 and was affected by ice for
ashort period; permanent during 1920. Two rating curves used during 1919, one,
applicable October 1 to May 28, is fairly well defined, and the other, applicable
May 29 to September 30, is well defined. Rating curve used during 1920 is well
defined between 60 second-feet and 400 second-feet and fairly well defined above
400 second-feet. Gage heights obtained from Stevens water-stage recorder graph
by straight-edge method October 1-9, October 20 to November 17, 1918, April 16 to
October 14, 1919, May 26 to June 20, June 25 to August 16, and August 19 to Sep-
tember 20, 1920. Observer’s readings once daily to hundredths used November
18, 1918, to April 15, 1919, and mean of two readings daily to hundredths used
October 15, 1919, to March 81, 1920. Daily discharge ascertained by applying
mean daily gage height to rating table except for periods indicated in footnote to
tables of daily discharge. Records fair October 1, 1918, to May 28, 1919; there-
after good.

Discharge measurements of Swiftcurrent Creek at Many Glacier, Mont., during the years
ending Sept. 80, 1919 and 1920.

" Gage Dis- ___ .| Gage Dis-
Date. Made by— height. | charge. Date, Made by height. | charge.
1919. Feet. | Sec.ft. 1919, .| Feet. | SecHt.
June 12 | B. E. Jones............ 2.50 246 || Sept. 1| S.G.Dawson.......... 190 78
18 | W. A. Lamb.... .l 270 355 21 | B.E.Jones............ 1.78
July 9 | Jones and Dawso .| 2,26 170
26 | W. A, Lamb.... .l 210 130 1920.
28 | 8. G. Dawsona. 2.05 111 || June 26 | W. A. Lamb........... 2.72 365
Aug. 15 | Jonesand Haydonea. . 1.95 92 || July 27 |..... 6 0o TN 2.38 220
27 | Dawson and Jones..... 1.94 84

o Engineer, Reclamation Service, Department of the Ipterior, Canada.
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Daily discharge, én mondfut,”;}f Swiftcurrent Creek at Many Glacier, Mont., for the yeare
1 ept. 80, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
18-19.

.,19 ¥ 73| 53] 34| 30] 41, 28| 43| 394! 3| 205! 142 7
75| 53¢ 32| 30| 4| ! 6| 272| 250 1s1{ 15 75
76| &1 32| 30| 41| 2| 46| 199| 280| 18| 147 7
78| 511 3! 30| 39| 24| 48] 164( 367 | 192| 161 07
78| 52| 32| 30| 36| 28| e8| 152| 469 28| 131 63
85| 51| 32| 28| 3 32| 65| M0| 474| 2w1| 12 50
84| 50! 34| 28] 36| 39| 68 a7 21| n2
76| 48| 33| 28| 36| 4] 65| 124| 401 17| 13 §
71| 47| | 28] 43| 4] 62 a6s | 1681{ 11
65| 47| 3| 2| 41| 3] e2] 124{ 39| 78] 1 &
00| 50! 33| 271 39| 82| 62| 140! 289| 199( 108 ‘
M0| 47| 30| 25| 39| 30| 62| 140 211 | 2841 105
120 44| 30| 25, 39| 28 120 288 | 211 160
5] 83| 32| 23] 36| 2} e! 119 285| 192( o8
10 #8| 32| 23! 36| 2] 59 149: 26| 78| 90
u5] ps| 33| 28| 32f 28] 5| 188 34| 196{ 9 g
Ho{ 48| 32| 27l 32| 28| 58| 263 2| 25| M
100, 46| 32| 4 32| 30] 75 23| 32| 178 100 58
98| 4| 3| & 32| 30| 91| 375{ 32| 145{ 108 5
9| 43| 32| 62| 32| 32] 1w07] 12| 390 | 123 112 &
93| 41| 34| 56| 34| 34| 10| TI2| 408! 12| 12 o4
89| 41| 32| 56| 34| 3] 07| 78| 43m| 12| 108 g
8| 41| 33| 82| 32| 36] 10| 098] 437| 187 ‘08
2| 20| 30| s| 32| 3| 129 783 308| 181| 90 a
780 39| 30 8| 32! 29| 149| 673| 33| 1a8{ 85
68 36 30 71 39| 207 302 | 137 .14 g
62| 36| 30| 65 al| o2y, 5t 3| 120] 9%
65| 24| 32| 56 41| «8|n0w0| 2208 12| o0
70, 34| 30| 53 36 ‘988 | 276 | 115 g
65| 34| 28| 48 36| 478| 7181 42| 12
#....... 28 43 34 1....... 480 ... 122 8.
411 33| 43| 59 50| 4 mi
8 ul %3 8z Mo
38 34| 321 B 4 2 e%z Eg :1%
37| 3| 3B| 8] 4| A 562 199( 442
36| 2] | 4| 8| = 416 183 | 308
36| 30| 3| 37| 49( 1B 39, W) M
38| 30| 32| 34 4| 19 320 74| 289
421 30| 3] 30| 85| = S| tIs| 20
4 8 29 30 H 2 A1 171 34

a A/ W M| B ! 218
3 7] 2] 3@]-34] 2 % 1 185
8 % % B %3 AR
20 % % B % 2B wei el 134
34| 36| 28] 35| @] 28 48] M {}3
AR A
Bl % Z '2’ 321 8 3731 108 1
36| 59| o8| 4| B3 & 2| W3{ 100
g ml & £ ¥ Bl | Ml
IR iE
32| & ] 8] 30 b 246
a0 7 59 49 29 20
1.8 &4 21 B g?/ 218
W s | 49 A M 218
20{ 80| 58| 47| 2] 3 226
! %) &l wl....] % 283
I e ont (. J Aot IR J I oot [ g Mo I § POS m,r,

Nore.~Discharge estimated on aocount of lack of readlngs Oct. 10-19, 1918, b
flow of Canyon Crgek near Many Glacier, June 21—24, f% by compariso; n with flow a%mver and
Two Medicine River. ischargeinte;%xlat ollackofgage une ,9
2-8, Nov. 5, 1919, and Aug. 17-18, 1 Mean d:scha,r e estimated 90 second-feet Sept. nﬁ
on account of lack of gage readings Discharge estimated because of ice Feb, 28 to Mar. 6, 1 19. No
obtained Apr. 1 tp Mar. 25, 1920

105708—23——3
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Monthly discharge of Swiftcurrent Creek-at Many Glacier, Mont., for the years ending Sept.
30, 1919 end 1920.

[Drainage area, 31.4 square miles.]

Discharge in second-feet. Run-off.
Month. Per
Maximum. | Minimum. | Mean. sqlﬁa Inches. | Acre-feet.
mile.

140 59 86. 5 2,76 3.18 5,320
68 34 45,8 1.46 1.63 2,730
34 28 316 1.01 1.16 1,040
82 23 42,4 1.35 1.56 2,610
41 28 35.6 1.13 118 1,970
4 24 32.9 1.05 1.21 2,020

536 43 126 4,01 4.47 7,500

1,010 119 429 13.7 15,79 26,400

474 242 347 11.1 12.38 20,600

251 112 169 5.38 6.20 10,400

161 83 107 3.41 3.93 6,580
79 “ 57.8 1.84 2.05 3,440

1,010 23| 12 4.01 54.74 91, 500
42 29 35.8 114 L3t 2,200
59 25 41,9 1.33 1.48 2,490
69 25 43.6 1.39 1.60 2,680
59 30 42.8 1.36 1,57 2,630
50 24 8.5 1.13 .22 2,040
43 19 28.9 . 920 1.06 1,780

218 181 206 8,56 1.46 2,450

-968 161 577 18,4 20.53 34,300

761 218 408 13.0 14,99 25,100

271 83 152 4.84 5.58 9,350

442 77 154 4,90 5.47 9, 160

SWIFTCURRENT CREEK AT SHERBURNE, MONT,

1
LoocarroN.—In sec. 85, T. 36 N., R. 15 W., 800 foet below spillway of Sherburne Lake
. dam, in Glacier County.

DrAINAGE AREA.—64 square miles (measured on topographic map).

RecoRDE AvAILABLE.—July 1, 1912, to September 30, 1920.

Gacr.—Staff gage on left bank about 800 feet below the spillway of Sherburne Lake

' dam, installed August 10, 1920. From July 1, 1912, to November 9, 1914, a ver-
tical staff gage was maintained on the left ba.nk near outlet of lake and at a dif-

~ ferent datum from present gage. From November 10, 1914, to August 9, 1920,

< astaff gage on left bank about 300 feet below the spiliway of Sherburne Lake dam
wasread. Observed by R. R. McComb and others.

DiscHARGE MBASUREMENTS.—Made from cable 450 feet above gage or by wading.

CHANNEL AND CONTROL.—AR outcropping limestone ledge, somewhat broken and

*  irregular, forms the control; subject to slight shifta.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 5.90 feet May 29 and 30 (discha,rge, 950 second-feet); minimum discharge,
practically no flow, occurred when gates in dam were closed.

Maximum stage recorded during year endlng September 30, 1920, 7.45 feet
Avugust 3 (discharge, 1,490 second-feet); minimum discharge, pracucally no flow, .
occurred when gates in dam were closed.

1912-1920: Maximum stage recorded, 7.85 feet June 17, 1916 (dxscharge, 2,280

second-feet); minimum discharge, practwally no flow occurs when gates in dam
are closed,
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Ice.~—Stage-discharge relation not seriously affected by ice. . -
Diversions.—None.
Recuration.—Flow regulated by gate operations. A record of gate operations has

been obtained except during the period June 26 to September 30, 1919, and flow
for days during that period when there were sudden changes in gate openjngs may
be considerably in error. .

Accuracy.—Stage-discharge relation cha.nged October 17, 1918, and a landshde

August 10, 1920, necessitated moving the gage 500 feet downstream affected by
ice for a short period during winter of 1918-19. Four rating curves used; the
first, applicable October 1-17, 1918, is well defined between 60 and 1,200 second-
feet; the second, applicable October 18, 1918, to September 30, 1919, is fairly
well defined throughout; the third, applicable October 1, 1919, to May 6, 1920,
and August 5-9, 1920, is fairly well defined between 30 and 550 second-feet; and
the fourth, applicable August 10 to September 30, 1920, is well defined between
90 and 300 second-feet. Shifting-control method used May 7 to June 28 and
July 15 to August 4, 1920. Gage read twice daily to hundredths in 1919 except
during high water, when it was read to tenths, and once daily to half-tenths or
quarter-tenths during 1920. Daily discharge ascertained by applying daily gage
height to rating table except for periods for which shifting-control method was
used and other periods indicated in footnote to tables of daily discharge.
Records good during 1919 except for periods of regulated low flow, for which they
are fair. Records during 1920 prior to August 10, fair; subsequent records good.

Discharge measurements of Swifteurrent Creck at Sherburne, Moni., durmg the years

ending Sept. 30, 1919 and 1920.

Gage Dis- . Gage | Dis-
Date. Made by— height. | charge. || D8te: Made by— height. | charge.
1919, Feel. | Secft. 1919,
Apr. 16 { W, A, Lamb........... 2.40 74 Sept. 20
ay 15 |..... 1 1 3.60 223
June 12| B, E, Jones .71 c.4 1920,
..... do....... 3.13 162 May 28
............ 3.67 1 June 27
26 | W. A Lamb 4.38 47 July 26
28 | Dawsons and Jones... 4.32 410 Aug, 10
Aug. 15 | Haydona and Jones.. 4.39 1
27 | Dawson and Jones..... 4,40 432 31
8ept. 10 |..... AOuurerenenennsnnnnn 2.95| 145

& New gage installod 500 feet downs
¢ Estimated

e Engineer, Reclamation Service, D tpm‘mlem: of the Interior, C:
v ream from old gage; olégagemdswfeet.
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Dazly dzscharge, in second-feet, of Swiftcurrent Cresk ai Sherburne, Mondt., for ths years
ending Sept. 30, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
47 36 65 5 34 520 560 326 388
15 30 4 112 508 144 211 388 433
45 25 51 0 g 401 0 152 | 385 423
45 24 0 118 | 436 0 152 | 383 350
45 16 36 0 3 361 0 260 885 230
45 18 36 4 93 338 1] 260 300 193
45 16 16 9 3 338 Q 67| 388 176
47 14 0 10 93 271 6| 267 385 165
47 12 [} 10 98 27 0 163 885 160
47 12 Q 10 03 230 0 165 | 388 138
41 12 0 10 81 271 0 26§ 410 157
47 12 12 9 81 293 0 265, 413 118
47 12 o0 9 81 2711 0 031 418
47 12 53 9 81 271 0 265 415 79
47 12 47 9 81 203 [ 268 431 79
43 16 45 9 81 203 1] 284 426 79
42 20 40 9 81 ] 338 0 W 5 79
43 22 24 9 105 0] 304 418 78
43 26 12 9 131 385 0 3381 415 78
[y 33 12 9 160 | 436 0 340 433 61
36 36 12 9 146 | 615 04 335 428 61
36 36 12 22 ! 710 0} 463 418 70
36 28 12 36 176 233 0 463 426 65
36 33 11 36 176 796 0 398 415 51
36 33 10 36 20 795 0 423 | 423 o8
36 36 9 3 271 793 118 433 426 65
36 40 8 36| 338 320 4661 431 58
36 43 i} 36 361 911 338 415 423 63
36 36| 463 950 | 350 | 388 423 58
36 2 36 491 30 3 423 86
36 70 ... 833 |....... 388 | 420 .......
55 51 87 18 28 157 356 0| 1,250 02
53 47 0 18 8 1421 356 01,200 kol
47 43 51 18 8 137 103 011,490 20
45 43 43| . 16 28 131 91 [ 508 9
48 43 40 18 281 137 529 0] 15 0
43 40 36 18 8| W7 69 0f 145 84
42 36 36 16 28 206 864 0 230 84
40 36 33 18 30| 1806t 042 0 280 ]
37 33 33 18 R1( 354 {1,00 0 250 91
36 33 33 13 31 388 1 1,070 0 251 128
36 30 33 18 311 383]1,030 6| 515 03
38 28 30| .0 B3| <308 | 1,050 0 780 26
35 28 30 2 38| 51411,00 0 738 475
32 28 33 20 36| 497 1,050 0 708 585
30 28 30 20 42| 53811,000( 336! 675 590
28 28 28 20 43 598 | 1,150 413 325 631
28 28 28 20 51 706 | 1,180 239 239
28 30 25 22 56 903 | 1,180 | 1,100 | 253 368
28 40 25 22 56 | 998 | 1,160 1 150 361
27 36 25 2 93 954 | 1,150 766 140 361
33 36 25 28 110 | 930 | 1,110 | 732 133 332
43 36 25 28 113 868 | 1,070 | 717 127
56 36 25 28| 113 | 787 1,00 127 197
70 36 25 28 108 609 | 322 | 986 121 193
93 30 22 30 108 670 81 | 1,110 121 188
09 40 20 30 108 86 | 1,000 146 178
99 47 20 30 134 | 474 88 1 170 146 161
87 56 20 30 163 | 418 93 | 350 133 146
70 70 20 30 173 418 0} 361 121 146
60 T8 lieeenes 28 173 | 392 0 43 110 148
61 :3 S e, 28 leeeeen.| 380 (.......| 1,330 105 ..eeee.

Nore.~Discharge estimated on account of %te opemtions Oct.17,1918, Feb. 7, 12,18, Mar. 22,31, Apr. 1,
and June 2 28, 1919, Discharge ascertained arge method on account of gate o ons,
Aug. 16 and th 11, 12, 1920, Dischar; estimated becausoot ce, Feb 24 to Mar. 8, 1919. Gates closed
Feb, 8~11 and June 3—25, 1919, and Jupe 29 to July 14, 1920.
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Monithly discharge of Swifteurrent Creek at Sherburne, Mont., for the years ending Sept.
30, 1919 and 1920.

Discharge in second-feet.
Month. acre—fee%‘ )
HMaxdrwam, | Mintmst, |  Mea.
1918-19

306 41 100 6,150
100 40 61.1 3,640
47 36 42.0 2,580
7 12 2.9 1,760
85 0 .8 1,380
36 0 15.5 - 953
491 34 187 9,340
950 20 515 31,700
550 [} 72.3 4,300
466 162 313 19, 200
433 385 410 25,200
433 56 140 8,330

s e e
950 0 158 ‘115,

]

51 31 39.5 2,
o8 32 41.3 2,
% % 48.7 2,
81 28 40.4 2,
87 2 32.8 1,
30 16 22.3 1,
173 28 689 4
998 131 489 30,

1,190 0 702 4

1,330 0 415 5,

1,400 105 | 380 2,
631 %] 20 13,

1,490 [}] 209 152,

HESS B EEEE

CANYON CREEK NEAR MANY GLACIER, MONT,

Location.—At the edge of heavy timber area, half a mile above mouth, in Glacier
National Park, and 2 miles southeast of Many Glacier, in Glacier County.

DRrAINAGE AREA.—7.0 square miles (measured on topographic map).

REcorDs avaiLABLE.—July 12, 1918, to September 30, 1920.

Gace.—Stevens continuous water-stage recorder on left bank.

DiscEARGE MEASUREMENTS.—Made from footbridge at gage or by wading.

CHANNEL AND CONTROL.—Bed of stream covered with heavy boulders and cobble-
stones. Control is riffle about 20 feet below gage; may shift at high stage. Both
banks high and are not overflowed.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 2.00 feet at 5.30 p. m. May 28 (discharge, 89 second-feet); minimum
stage, 0.60 foot September 30 (discharge, 3.9 second-feet).

Maximum stage recorded during year ending September 30, 1920, 1.85 feet at
9 p. m. July 1 (discharge, 86 second-feet); minimum stage, 0.56 foot at 8 p. m.
October 4 (discharge, 3.3 second-feet).

1918-1920: Maximum stage recorded, 2.00 feet May 28, 1919 (discharge, 89
second-feet); minimum stage, 0.56 foot October 4, 1919 (discharge, 3.3 second-
feet).
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Joe.—Station not operated during winter on account of severe ice effect.

Diversions.—None. )

RecuramioNn.—Some natural storage in small lake at head of creek; no artificial
regulation.

Accuracy.—Stage-discharge relation changed during winter of 1919-20. Two rating
curves used, one, applicable May 15 to October 10, 1919, is well defined between
15 and 40 second-feet, the other, applicable May 25 to September 30, 1920, is -
fairly well defined between 16 and 52 second-feet. Daily gage heights obtained
from graph of Stevens water-stage recorder by straight-edge method except for
periods November 6, 1918, to May 14, 1919, July 2-8, July 30 to August 14, 1919,
October 11, 1919, to May 25, 1920, June 9-25, and September 17-30, 1920, when
recorder was not operating. Daily discharge ascertained by applying daily gage
height to rating table except for periods indicated in footnote to tables of daily
discharge. Records fair.

Discharge measurements of Canyon Creek mear Many Glacier, Mont., during the years
ending Sept. 30, 1919 and 1920. .

Gage | Dis- . Gage | Dis

Date. Made by— height, | charge. || Date: Made by height. | charge.

1018, Feet. | Sec .;ﬂ. 1919. Feet. | See.ft.

Oct. 20 | W. A. Lamb........... 1.02 17.3 |} Aug. 23 | W. A. Lamb........... 0.87 12,8

27 | Dawson and Jones .82 b6.7

1919, Sept. 19 | B. E. J . .73 b55.2

May 15 |..... L 13 S 1.08 25.1 19 )..... d .73 6.5

June 10 | B, E. Jones. ........... 1.25 27.9

July 9 | Jonesand Dawson s....| 1.08 19.0 1920.

26 | W. A, Lamb... . 95 14.4 || June 26 1.39 4.9

28 | 8. G. Dawson.... . .87 10.7 || July 27 1.28 30.0

Aug. 15 | Jones and Haydon a.... .87 57.8( Aug. 7 117} - 24.2

e Engineer, Department of the Interior, Canada,
» Measurements were made at mouth of can yon half a mile below Fagg and are in error, owing o seepage
loss in that distance. Measurements of Sept. 19 show approximately 20 per cent loss.
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Daily discharge, in second-feet, of Canyon Creek near Many Glacier, Mont., for the yetrs
y 4 endi};ly Sept. 30, 1919 and 1920, ’ ’

Day. Oct. | Nov. | May. | June. | July. | Aug. | Sept.
1918-19.
| ceeeenene sesessseennsananens 4“4 2 17 9.4
36 20 19 9.0
33 20| 20 8.4
34 22 21 7.8
37 4 16 10
41 28 14 8.4
38 23 14 8.1
36 19] 13 7.2
34 22| 15 e.g
32 2 14 6.
28 26 13 5.8
27 27 13 6.6
26 24 13 6.9
29 2 12 7.2
22 29 22 12 6.9
25 34 24 11 6.8
29 35 24 12 6.8
31 35 20 12 6.3
36 36 16 12 i 6.6
53 40 13 12 6.6
56 42 13 12 6.0
57 42 14 11 5.2
71 41 1] 1 4.5
61 37 15( 10 4.5
51 35 16 10 4.3
52|, 34 14 9.4 5.0
68 34 | 12 9.4 5.2
ik 30 uj 10 4.7
75 26 11 9.4 4.5
71 24 14 8.7 3.9
cteeenecennccrans 10 59 |ceveenns 15 9.0 [.oennes .
K
3.7 [eeecsnen 25 | 3 11.4
3.6 . 2. 76 32 10.8
3.6 68 29 10.4
3.4 62| 27 10.8
3.6 6] 2 |+ 1L1
6.6 53 26 1.4
5.0 48 2 1.1
6.3 48 26 10.4
6.9 45 26 10.0
7.2 45 25 10.0
46 27 16.1
45 25 50
45 25 64
45 27 47
46| 2 39
46| 25
4| 23
43| 2
41 14.8
41 13.4
40| 12.5 .
39 12.5
37| 13.0
3| 13.4
34 13.4
33| 138
32 13.0
- 8 X
34 39
32 62

“eemcatercraccenersorsarnannen neassnoe esecnsafeactcscelensnsoan

Nom.—Water—stagsrecorder not operating, di estimated by comparison with flow of Bwift.

current Creek July and July 30 to Aug. 14, 1919 ean discharge estimated 20 second-feet Se t 17—30

unsatisfactory operation of water-stage recorder. No recotd obtainod Nov. to

14, 1919 Oct ll, 1919, to May 25 1920, and June 9-25, 1920. Disc! of hour y-
dl:gim‘ge thod July 29 and Sepi 10, iz 1920, on. account of unusual tion m stage



34 SURFACE WATER SUPPLY, 1919-1020, PART V,

Monthly dischargs of Canyon Creek near Many Glacier, Mont., for the years ending Sept.
30, 1919 and 1920.

[Drainage ares, 7.0 square miles.]

Discharge in seeond-feet. Run-off,
Month, Per
Maximum. | Minimum. | Mean. sg;hqere Inches. Actre-feet.
1918-19.
31 9.4 15.7 2.4 258 966
9.7 7.5 8.48 21 w27 101
7 22 52.6 7.51 4.76 1,770
“ 2 34.3 4.90 5.47 2,040
28 1 19.0 2.7 3.12 1,170
21 8.7 12.7 1.81 2.00 781
10 3.9 6.47 924 1.03 388
7.2 3.4 4.99 .13 .26 99.0
34 29 32.7 4.67 1.04 389
kel 31 46.7 6.67 7.69 2,870
37 1.1 20.8 2.97 3.42 1,280
64 10.0 21.4 3.03 3.41 1,270

RED RIVERAT FARGO, N. DAK.

LooaTtioNn.—At dam half a mile above highway bridge connecting Front Street,
Fargo, N, Dak., with Moorhead, Minn., 10 miles above mouth of Sheyenne River,
in Cass County.

Draivage arEA,—8,020 square miles.

RECORDS AVAILABLE.~May 27, 1901, to September 30, 1920.

Gaae.—Vertical staff attached to tree on left bank about 6 rods above the dam; vertical
staff for use at low stages attached at upper end of fishway at left end of dam;
the dam has settled slightly and lowest point of crest of dam is now about 0.7
foot above gage datum; read by W. B, Stevenson and R. T. Jacobsen. Prior to
September 1, 1914, gage teadings were obtained from a vertleal staff attached to
the breakwater for the center pier of Front Stneet bridge; this gage is still main-
tained and used by the Weather Bureau, but can ‘not be read accurately without
a field glass and has a less permanent control than the gage now used. At the same
stage, after complete submergence of the dam, readings on the Front Street gage
are numerically about 10.4 feet greater than on the gage now used.

DiscHARGE MEASUREMENTS.—Made from footbridge a few feet upstream from gige.

CHANNEL AND CONTROL.~~Bed composed of clay and silt; nearly permanent. Con-
trol is timber and steel crib dam, rock filled, below gage; has settled a few inches
since construction. At extreme low stage the fall over the dam is about 5 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September -
30, 1919, 2.7 feet March 22, April 5 and 7, and May 12 (discharge, 630 second-
feet); minimum discharge, estimated 29 second-feet February 12 (stage-discharge
relation affected by ice).

Maximum stage recorded during year ending September 30, 1920, 13.5 feet at
2 p. m. March 27 (discharge, 6,200 second-feet); minimum discharge, ¢stimated
55 gecond-feet December 5 (stage-discharge relation affected by ice).

1001-1920: Maximum stage recorded, 29.8 feet March 30, 1907 (stage-discharge
relation affected by ice); maximum open-water stage recorded, 17.34 feet July 11,
1916 (discharge, 7,740 second-feet); minimum stage recorded, 1.0 foot Februaty
11, 1918 (discharge not determined).
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Ior,~Stage-discharge relation not serlously affected by ice.

Diversions.—None, )

RecuratioNn.~No power plants or storage above station within 60 miles; storage
not great enough to noticeably affect the discharge at station.

Accuracy,—Stage-discharge relation changed during 1919 owing to settling of the
dam; affected by ice during 1919 and 1920. Two rating curves used, one,
applicable October 1, 1918, to April 30, 1919, is well defined “between 60 and
4,400 second-feet, the other, applicable March 1, 1919, to September 30, 1920,
is well defined between 45 and 4,400 second-feet. Gage read to tenths once
daily except during periods indicated in footnote to tables of daily discherge.
Daily discharge ascertained by applying daily gage height to rating table except
for periods indicated in footnote to tables of daily discharge. Open-water
records good; other records fair.

Discharge measurmwnts of Red River at Fargo, N. Dak., during the years ending Sept.
- 80,.1919 and 1920.

Date. Made by— 1okl | oo, || Date.
1919, 1920.
iGépr. 4 | E. F. Chandler. Apr. 17
ay 16 | H. A. Noble.... 18
July 5 | E. F, Chandler. . May 29
,lA’ug. 2 1..... [ [ e, . June 18
ec. 26 | Noble and Stockwell...| al.70 160 || Aug. 28

e Stage-discharge relation affected by ice.
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Daily discharge, in second-feet, of Red River at Fargo, N. Dek., for the years ending
Sept. 80, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1918-19.

8B HIBT BRREY

410 508 231
400 462 192 210
400 605 185 186
400 605 178 194
360 4 186 196

462 224 186 228
558 |euu... o 242 207 1..... .
945 1,300

605 | 400
605 | 440
580 | 440
580 | 400
945 11,330 | 530 | 420
780 | 1,000 [ 1,300 | 555 440
780 [ 1,060 | 1,240 | 580 | 485
08 [ 1,030 | 1,210 | 580 | 462
736 | 1,060 | 1,150 | 580 | 420
655 | 1,060 | 1,180 | 530 | 440
730 | 1,440 | 1,090 | 530 | 440
780 | 1,400 | 1,000 | 440 | 440
780 | 1,550 | 945 | 462 | 440
1,000 | 1,600 | 972 485 | 420
1,000 | 1,600 | 9045 | 474 420
1,030 | 1,600 | 945 | 462 | 420
1,060 | 1,600 | 945 | 462 | 420
1,030 | 1,480 | 918 | 462 | 420
1,000 | 1,370 | 890 420
945 | 1,370 | 862 | 485 | 420
945 (1,370 | 835 | 485| 420
1,000 | 1,240 | 780 | 462 | 508
1,060 [ 1,380 | 730 | 440| 508
1,120 | 1,180 | 730 | 447 | 508
1,090 | 1,090 | 705 | 455 680
1,120 | 1,080 | 680 | 462 | 555
1,060 | 1,060 | 655 | 485 530
1,080 | 1,060 | 580 | 462 | 580
1,000 [ 1,060 | 580 | 441 | 508
.. 987 [ 1,120 | 555 | 420
1. 178 .......| 175 972 ..o 605 | 400 |.......

NoTE.—Stage-discharge relation affected by ice Deec. 23, 1918, to Mar. 15,1919, and Nov. 26, 1919, to Mar.
18, 1920; discharge for days when gage was read ascertained by correcting daﬂ}l gage height for backwater
from ice and applying corrected gage height to rating table and interpolating for days when gage was not
Tead, except during period Jan. 1 to Mar. 14, 1920, for which mean disnharFe was estimated as-follows:
Jan. 1-31, 155 second-feet; Feb. 1-29, 150 second-feet; Mar. 1-14, 160 second-feet. Discharge interpolated
-on account of missing gage readings, Oct. 2, 8, 15-16, 20, 27, 30, Nov. 1-4, 6-11, 17, 24, Dec. 1-6, 8-10, 12-16,
18-22, 1918; Mar, 16-18, 20, 21, 23-25, 27, 28, 30, 31, Apr. 1, 6, 13-18, 20, 27, May 4, 5, 11, 18, 21, 25, 27, 30, June
1,8, 15, 22, 29, July 4, 6, 11-13, 20, 21, 27, Aug. 3, 10, 17, 24, 31, Sept. 1, 7, 14, 21, 28, Oct, 5, 12, 19, 26, Nov.
2,9,11-13,'15, 16, 23, 1019; Mar, 21, Apr.’11, 25, May 2, 4, 9, 16, 23, 30, June 6, 13, 20, 27, July 4, 5, 11, 18, 25,
Auz. 1, 8,15, 22,94, 95, 20, and Sept. 5, 12, 19, 26, 19%0. During Teriods of ice effect the gage was read on
the foll’owmg days only: Dec. 23, 1918; Jan, 8, 11, 15, 18, 22, 25, 29, 31, Feb. 5, 8, 12, 19, 21, 26, Mar. §, 8, 13,
18, Nov. 26, 28, Dec. 2,5, 9, 12, 17, 20, 31, 1919; and Jan. 3, 6, 10, 13, 18, 21, Mar. 15, 18, 1920.
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Monithly discharge of Red River at Fargo, N. Dak., for the years ending Sept. 30, 1919 and
. 1920.

Discharge in second-feet.
Run-off in
Month acre-feet
Maximum. | Minimum. | Mean.
71 95.5 5,870
83 124 7,380
69 102 6,270
41 77.2 4,750
29 77.5 4,300
276 17,
312| 463 27, 600
245 | 468 28, 800
316 398 23,700+
178 294 18,100
186 282 17,300
172 209 © 12,
29 240 173,000
189 11,600
192 252 15,000
65 154 9,470
............ 156 9,
............ 150 8,630
............ 1,680 103,
440 888 52, 800
655 929 57,100
945 1,220 72,
555 960 59,000
400 498 30, 600
400 27,
55 629 457,000

RED RIVER AT GRAND FORKS, N. DAK,

- Location.—At Northern Pacific Railway bridge between Grand Forks, N. Dak., and
Fast Grand Forks, Minn,, half a mile below mouth of Red Lake River, in Grand
Forks County.

DRAINAGE AREA.—25,000 square miles.

Recorvs avainasne.—May 26, 1901, to September 30, 1920; gage-height records have
been kept by the United States Engineer Corps since 1882 and a few discharge
measurements were made by them in early years.

Gage.—Vertical staff gage with enameled face, attached to ice-breaker below center
pier of Northern Pacific Railway bridge; installed by United States Weather
Bureau during winter of 1916-17 beside old Geological Survey staff gage which
was used prior to 1917, but at a datum 5 feet higher. The observer, H. L. Hayes,
adds 5 feet to gage readings to reduce them to datum of old Geological Survey
gage. Another vertical staff gageattached to the ice-breaker beside the enameled
gage, and at the same datum, is used by the United States Engineer Corps. Prior
to 1918, when the railway bridge was partially rebuilt, a chain gage, attached to
the middle span of the bridge, was maintained for use in case the staff gages
were destroyed. This chain gage has not been replaced since 1918.

DiscHARGE MEASUREMENTS.—Made from Great Northern Railway bridge a quarter
of a mile above gage.

CHANNEL AND CONTROL.—Bed composed of clay and silt; shiftsslightly.
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ExTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 23.2 feet July 8 (discharge, 13,600 second-feet); minimum discharge,
estlmated 263 second-feet February 27 and 28 and March 1 ¢ stagedrscharge rela-
tion affected by ice).

Maximum discharge during year ending September 36, 1920, estimated 30,300
second:feet March' 31 (stage-discharge relation affected by 1ce), minimum dis-
charge, estimated 590 second-feet’ February -21 and 23 {stage-discharge relation
affected by ice).

1882-1920: Maximum stage recorded, 50.2 feet April 10, 1897 (discharge, 43,000
second-feet); minimum discharge, about 100 second-feet during early part of
February, 1912 (stage-discharge relation affected by ice).

CE.—Stage-discharge relation seriously affected by ice. Theice eover is usually com-
plete and smooth from late in November until about the beginning of April
and the flow steady with few fluctuations; in determining flow during spring
break-up, however, corrections ameunting to several feet at times must be applied
to gage heights before applying them to open-water rating table dwing to back-
water from ice jams.

Drversions.—None.

Reeuration.—No power plants above with sufficient storage to cause noticeable
variations in the flow.

Accoracy.—Stage-discharge relation affected by ice and by slight shifts in control.
One rating curve used during 1919 and 1920; well defined between 640:and-16,300
second-feet. Gage read to tenths twice daily during 1919 and during open-water
season of 1920 and usually twice a week during period of ice effeet in 1920. Daily
discharge ascertained by applying mean daily gage height to rating table
except for periods indicated in footnote to tables of daily discharge. Open-
water records good; winter records fair.

Dzscharge measurements of Red River at Grand Forks, N. Dak., during the years ending
Sept. 30, 1919 and 1520.

Date. Made by— h‘é"gﬁ. clgirsg_e. Date. Made by~ hm. eh]:irs_ge.
1918, Feet. | Sec~ft. 1919 Feet, } Secft
Oct. 12 | Chandler and Strand...| 3.51 AB Dec. 23 | Chandler and Noble....| 4 6.27

P
k=4
=
©
é

Noble and Stockwell...| 67,42 860

Jan. 251 H.A. Nuble ............ 4.31 364 | Mar. 2

Feb. 16 1.....d0.......... 4.3 Apr. 24 | Stockwell and Knu&on( 13.51 4,950
Apr. 19 Nob]e and Cady . 11.81 | 4,520 || Aug. 3 Chandler and Foster. . 6.681 1,820
Apg. 15 | E. ¥, Chand 11.31 4, Sept. 28 Foster........... 670| 1,090

e Staga-discharge relation affected by ice.
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Daily discharge, n sccond-fect, of Red River ai Grand Forks, N. Dak., for the years ending

Sept. 30, 1919 and 1920.
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Monthly discharge of Red River at Grand Forks, N. Dak., for the years ending Sept. 30,
' 1919 and 1920.

|
! Discharge in second-feet.
i Ischarg d-feet Run-oft
Month. | ] in
%Maximum. Minimum. [ Mean. acro-feet
1918-19. l

' ‘ 527 320 407 25,000
833 558 653 38,900
760 622 673 477400
622 341 399 24, 500
440 263 344 19100
5,350 263 | 1,100 67,600
7,980 3,700 | 5,280 314,000
£000 1,800 | 3,220 198,000
2,140 1390 | 1,750 104, 000
13,400 2,330 | 6,660 410,000
4780 ve70| 3160 194,000
1,910 1250 | , 1,420 500
13,400 263 | 2,100| 1,520,000
1,300 L,070 | 1,170 71,900
1,340 80| 1,110 66,000
871 689 779 47,900
........................ 690 42,400
......................... 670 38,500
30,300 85571 7,050 433,000
29,800 4,840 | 11,400 678,000
4,720 3,280 | 3,710 228,000
7,030 3,460 | 4,630 276,000
4540 7900 | 3,310 204,000
2,140 Loo| 1,430 87,900
1340 83| 1040 61,900.
30,300 |.eveuennnnns 3,080 | 2,240,000

BOIS DES SIOUX RIVER NEAR TENNEY, MINN.

Locartion.—Near center of sec. 22, T. 130 N., B. 47 W., at Soo Railway bridge, 2
miles east of Fairmount, N. Dak., 5 miles west of Tenney, Wilkin County, Minn.,
and 15 miles below outlet of Lake Traverse.

DRAINAGE AREA.—1,460 square miles.

RECORDS AVAILABLE.—April 1 to September 6, 1919, and April 1 to September 30,

1920. . ‘
Gaee.—Vertical staff attached to face of eighth pile-pier from left end of railway

bridge, used August 24 to September 30, 1920. Vertical staff attached to sixth
pile-pier from left end of railway bridge, used April 1 to August 23, 1920; at same
datum as staff gage on eighth pile-pier. Vertical staff attached underneath right
end of highway bridge half a mile above railway bridge, used April 1 to September
6, 1919. Owing to change in slope of water surface, the gage at the highway
bridge does not read the same as the gage at the railway bridge for other than low -
stages. Gage readers, B. W. Schouweiler, J. H. Bolton, and Math Schmit.

DiscEARGE MEASUREMENTS.—Made from highway bridge half a mile upstream from
gage.

CHANNEL AND cONTROL.—Bed composed of silt and fine clay; overgrown with aquatic
plants which may, at low stages, materially affect stage-discharge relation. Shifts
not likely to occur for normal velocities are not swift enough to erode channel. -
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EXTREMES OF DISCHARGE.—Maximum stage recorded during period April 1 to Sep-
tember 6, 1919, 4.1 feet August 4-6 (discharge, 77 second-feet); minimum stage,
1.5 feet April 5 (discharge, 6 second-feet).

Maximum discharge recorded during period April 1 to September 30, 1920,
214 second-feet April 2 and 3 (gage hexght, 5.0 feet); gage height June 11 and 12
‘was 5.2 feet but stage-discharge relation was affected by obstructions in channel;
minimum stage, 3.3 feet September 21-23 (discharge, 43 second-feet).

1919-20: Maimum discharge recorded during period occurred during 1920;
minimum discharge occurred during 1919.

Ice.—Station not operated during winter.

Drversions.—None.

RecuraTioN.—No reservoirs or power plants affect the flow: No large tributaries
enter between outlet of Lake Traverse and the station and abrupt changes in
stage are unusual. Extensive ditching and drainage work in the area above
station within recent years, undoubtedly affects the distribution of flow.

Accuracy.—Stage-discharge relation affected, at low stages, by heavy growth of
aquatic plants. Rating curve used during period of record in 1919, referred to
gage at highway bridge, fairly well defined between 7 and 47 second-feet. Rating
curve used during period of record in 1920, referred to gages at railway bridge,
fairly well defined between 6 and 166 second-feet. All gages read to half-tenths
once daily except on days indicated in footnote to tables of daily discharge.
Daily discharge ascertained by applying daily gage height to rating table and
interpolating for days when gage Was not read except for periods when flow was
affected by growth of aquatic plants for which it was ascertained by applying to
rating table the daily gage height corrected for backwater, the amount of which
had been determined by discharge measurements, and interpolating for days
when gage was not read. Records good except for periods when flow was affected
by growth of aquatic plants for which they are fair.

CooreraTiON.—Station maintained during 1919 in cooperation with the Bureau of
Public Roads, Department of Agriculture, and during 1920 in cooperation with
the Department of Drainage and Waters, State of Minnesota.

Discharge measurements of Bois des Sioux River near Tenney, Minn., during the years
ending Seplember 30, 1919 and 1920.

Gage height.
: 4 Dis-
Date. Made by—
4 Highway| Railway| Barge.
’ bridge. | bridge.
Feet. Feet. Secft.
1.56 1.56 6.9
2,21 2.36 9.8
2,40 loceeenn... 23.4
2.79 3.38 23.4
3.38 |ceeuen... 45
3.38 3.98 42
3.60 [veeeannns 45
3.52 4,08 133
4.02 4.64 169 4
4.38 4.81 143 7
3.89 3.85 56 ,

& Measurement made with float.
b nnahmer Bureau of Public Roads, Department o! Agricalture.
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Daily discharge, in second-fest, of Bois des Sioux River near Tenney, Minn., for the years
ending Sept. 30, 1919 and 1920.

Day. Apr. | May. | June.| July. | Aug. | 8ept. Day. Apr. | May.| June.| July. | Aug. | Sept.
6.5/ 10| 18| 53 32 194 140 | 48] 82| 58 55
63| 0| 17| 35 31 214 | 140 157 82| 58 57
6.5 10 19 66 29 214 | 140 82 56 58

0] 23| 77 28 1 M0 | 1737 82| 56 58
9 28 77 7 175 | 140 175 'l 56 58
0| 77 175 1821 175 76| 63 57
36| 74 |..-... 75| 132 157 70| 53 55
361 T4...... 180 132 | 166| 68| 50 53
391 Filae.. |l 9-ecsea-end] 184 183 1751 67| 90 51
39 65 j.ee.n. 10.....,....] 180 154 175 64 50 49
175 1841 64 43 48

184 | 184] 64| 43 48

104 | 166 66 43 48

84| 168| 67| 43 47

175 157 67| 48 4

175 | 1481 64| 43 47

175 | 148 64 43 48

175 132 64| 43 48

168 124 64| 48 48

166 | 116 67 48 46

166 | 109 64 48 43

166 | 102| 64| 48 43

168 95{ 64| 50 43

168 64 50 46

...... 166 62 30 48

157 82 61 50 50

...... 1571 82| 81| 50 49

157 82 61 50 48

...... 157 | 82 61| 352 47

167 82| 68| &3 46

............ 157 |oeee..| B8] B4 |......

Nom —Discharge interpolated on account oflack of gage read.in%s Apr.7, July 5, Aul.% 9 21, 22, 25~

31, Sept. 1-5, 1919, Alpt.d 11, 18,% Mayw 18, 21, 29, June 3, 15, zR. 5, , Aug. 1,9,

12 13, 17, 19, 25-27, "2, 24, 920, E ) 1-5, 1919

estimated second fect. ge-dfwﬁa;ge rol ut’ion affected by growth of aquatic plants d g April an(i
June, 1919, and from~ May 14 to Sept.

Monthly discharge of Bois des 8iouzx River near Tenney, Minm., for the years ending Sept.
30, 1919 and 1920.

Discharge in second-feet. Run-off

Maximum. ) Minimum.| Mean, | 3¢re-foet.

August,
September.......coiiiiiiiiiiiiaiaa.. anrmscrsrrrsnrrens 63
The period............ teseesscscsaasennnncecanasosslesnatassaana|acenccnsaccalesanan 38,100
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MUSTINEA RIVER ABOVE WHEATON, MINN.

LocaTioN.—On line between secs. 7 and 8, T. 127 N., R. 46 W., at steel-concrete
highway bridge 1 mile upstream from Chicago, Milwaukee & St. Paul Railway
bridge, 1} miles northeast of Wheaton, Traverse County, and 8 miles above Lake
Traverse, into which the river discharges.

DRAINAGE AREA.—776 square miles.?

RECORDS AVAILABLE.—March 23 to September 30, 1917, and June 25, 1919, to Septem-
ber 30, 1920. June 7 to November 30, 1916, at point about 3} miles downstream.

GaeE.—Chain gage attached to highway bridge; read by Vernon Heggen. An auxili-
ary staff gage, for use during floods, is attached to the Chicago, Milwaukee & St.
Paul Railway bridge 1 mile downstream from chain gage.

Di1scHARGE MEASUREMENTS.—Made from highway bridge to which gage is attached
or from steel highway bridge just below Chicago, Milwaukee & St. Paul Railway
brjdge; about 1} miles downstream from gage. Measuring section at gage poor
on decount of angle of current; best section at steel highway bridge below the rail-
way bridge. Flow of drainage-ditch which carries water around gage must be

. included in all measurements made from bridge to which gage is attached.

CHANNEL AND cONTROL.—Bed composed of firm gravel overlain with thin deposits
of clay and silt; practically permanent. Control not well defined. Slope of river
from station to Lake Traverse is so slight that the stage-discharge relation may
possibly be affected by changes of stage of the lake.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period June 25 to Sep-
tember 30, 1919, 7.37 feet June 25 (discharge, 559 second-feet); minimum stage,
1.12 feet September 25 (discharge, 0.3 second-foot).

Maximum discharge during year ending September 30, 1920, 970 second-fest
May 11 (gage height, 9.5 feet); gage height 11.02 feet March 24 (stage-discharge
relation affected by ice); minimum stage recorded, 1.10 feet October 9 (discharge,
0.2 second-foot).

1917; 1919-20: Maximum stage recorded during periods, 14.7 feet April 1, 1917
(discharge, 2,340 second-feet); minimum stage, 1.10 feet October 9, 1919 (dis-
charge, 0.2 second-foot).

Ice.—Station not operated during winter.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice
in March, 1920. One rating curve used during 1919 and 1920; fairly well defined
between 4 and 2,400 second-feet. Gage read to hundredths once daily. Daily
discharge ascertained by applying daily gage height to rating table except for
periods indicated in footnote to tables of daily discharge. Records good.

CoOPERATION.—Station operated during 1919 by Bureau of Public Roads, Department
of Agriculture, and during 1920 in cooperation with the Department of Drainage
and Waters, State of Minnesota.

Discharge measurements of Mustinka River above Wheaton, Minn., during the period
June 25, 1919, to Sept. 80, 1920. ’

Date. Made by— h(iiag e clPairsg-e. Date. Made by— h(;’éiet. cl?alée
1919. . Feet. | Secft. 19.0. Feet. | Secft.
June 25 | P.T. Simons@......... 7.38 460 || May 9 | E.F.Chandler......... 178 10.6
27 | D.S. Helmicka..__.... 5.35 234 20 | W. L. Stockwell....... 2.34 35
June 17 | E. F. Chandler......... 3.39 83
1920. Aug. 24| ..... [ 1 . 1.49 3.3
‘Mar. 25 | P.T. Simons........... 7.68 622

o Engineer, Bureau of Public Roads, Department of Agriculture.

3 Formerly published as about 900 square miles. Revised measurement made on map compiled by the
State.

105708—23——4
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Daily discharge, in second-feet, of Mustinka River above Wheaton, Minn., for the period
June 25, 1919, to Sept. 30, 1920.

Day. June. | July. Sept.

g

Day. June. | July. | Aug.

i

e

WCRWW WWRD OO

-
PON PORPI

NORNIO NDOQOD OOk

IS 2l 2P 2 el 2P ol o
W e €O O i aTOO MDD i 0O DD =g 4

'S
1=
PPN en

e,
OO BOOND COOR®

PEPERP PRREE SoDNp

00 ~J 00 =3 00 00

Oct. | Mar. | Apr. | May. | June. | July. | Aug. Sept.'

91 B3] 19 | 215 14 18

63 12 55 . 169 13 L7

88 u 88 12 2.2

53 13 90 87 12 2.4

42 n 98 85 12 2.7

53 1 87 11 2.9

40 11 74 10 3.0

38 9 60 186 10 3.2

18 71 157 9 3.4

21 140 88 117 8 3.0

20 970 160 91 8 3.7

.8 17 544 160 4 4.0
.9 17 216 134 17 7 2.7
L4 15 115 106 166 7 L2
L7 13 75 91 201 [ L2
3.0 12 55 83 110 6 L1
2.4 ). 11 40 89 3.8 L1
2.71. ot 34 107 58 4.0 Lo
3.7 10 29 102 45 3.7 Lo
4.0 n 88 60 3.4 L0
4.0 14 21 134 48 2.9 L1
3.7 18 22 187 3.0 L2
3.7 26 17 178 35 3.0 16
2.7 39 16 72 28 3.2 1.9
2.4 36 13 62 14 3.2 2.2
3.0 32 15 52 3.2 2.2
2.7 26 13 47 22 L9 2.2
2.5 20 13 95 18 L9 2.3
2.5 19 13 215 18 1.9 2.3
2.5 15 13 214 17 2.0 2.4
2.5 120 |........ 16 |........ 15 L9l

Nom.—Stage—diseharge relation affected by ice Mar. 20-25, 1920 discharge ascertained by means of
observer’s notes, weather records, and one discharge measur D ted, Oct. 27-31, 1919,
on account of lack of gage rea.dings
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Monthly discharge of Mustinka River above Wheaton, Minn., for the period June 25, 1919,
to Sept. 30, 1920.

Discharge in second-feet. Rup-off
in

Month. p
Maximum. | Minimum. | Mean, | 3¢T® eet.

o
835

§

ooero
%358288

8

\

WILD RICE RIVER NEAR WILD RICE, N, DAK.

Locarion.—In T. 138 N., R. 49 W., at highway bridge 8 miles southwest of Wild
Rice, Cass County.

DrAINAGE AREA.—1,840 square miles; determined by Department of Agriculture.

RECOERDS AVAILABLE.—April 8 to August 31, 1919, when station was discontinued.

GAge.—Vertical staff attached to highway bndge, read by John H. Hexom.

DiscHARGE MEASUREMENTS.—Made from bridge to which gage is attached or from a
highway bridge at Wild Rice.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period, 3.7 feet April
11 (discharge, 98 second-feet); minimum stage, 0.2 foot August 15 (discharge,
0.1 second-foot).

Acouracy.—Stage-discharge relation probably perma.nent Rating curve fairly well
defined between 15 and 100 second-feet. Gage read to tenths once daily. Daily
discharge ascertained by applying daily gage height to rating table. Records
fair,

CoorErATION.—Station operated and base data furnished by Bureau of Public Roads,
Department of Agriculture.

Discharge measurements of Wild Rice River near Wild Rice, N. Dak., during the period
Apr. 8 to Aug. 81, 1919.

Date. Made by— ke | e || Date. Made by— D, | charge.
Feel. | Secft. Feet. | Sec.fi.
Apr. 8| Paul Funderhide....... 3.3 81 || June 28 Lake and Engerude... 3.12 56
12 |..... L 3.5 87 || July 1 HelmicK..ceeen.un. 1.60
June 24 | P. T. Simons......e.... 2.05 27
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Daily discharge, in second-feet, of Wild Rice River near Wild Rice, N. Dak., for the period
Apr. 8 to Aug. 31, 1919.

Day. Apr. | May. | June. | Aug. { Day. Apr. | May. | June. | Aug.
20 13 2 53 65 9 0.1
20 13 23 45 53 9 .3
20 11 15 45 49 7 N
23 11 7 35 45 7 .5
23 11 4 32 42 6 1.0
26 9 3 32 35 6 .5
26 9 1.5 29 32 6 .5
32 9 1.0 26 6 11 .3
61|, 9 .5 26 8 32 .3
65 9 .5 26 6 65 .1
74 11 .5 28 ] 4 89 .1
83 13 .3 23 4 53 .1
83 13 .3 23 4 38 .1
83 13 .3 23 (] 29 .3
74 11 .1 23 9 20 1.0

.......... ) £ 78 I 3

NoTE.~Gage not read during July.

~

Monthly discharge of Wild Rice River near Wild Rice, N. Dak., for the period Apr. 8 to

Aug. 81, 1919.
Discharge in second-feet. Run-off
Month. Y

Maximum,.| Minimum.| Mean. acre-feet.
98 23 48.7 2,220
8 4 35.2 2,160
69 6 17.7 1,050
23 .1 2.86 176

SHEYENNE RIVER AT VALLEY CITY, N. DAK.

Locatron.—At steel footbridge near Elk’s House, 40 rods west of Northern Pacific Rail-
way depot at Valley City, Barnes Ceunty.

DRAINAGE AREA.—4,300 square miles.

REcCORDS AVARABLE.—March 24 to August 29, 1919, when station was discontinued.

Gaae.—Vertical staff attached to steel pier at south end of footbridge; read by K. C.
Schmidt.

DiscHARGE MEASUREMENTS.—Made from footbridge or by wading.

CHANNEL AND coNTROL.—Bed composged of silt and fine clay. Control is a concrete
dam about half a mile below gage. A broad-crested weir on the crest of the dam
acts as control at low stages. The weir crest is 2 feet wide, 49 feet long, and at an
elevation 1 foot below crest of dam; elevation of weir crest, referred to gage datum,
6.38 feet. Submergence of the dam begins at stage about 8 feet, and at 10 feet
submergence is practically complete.

ExTrREMES oF DIscHARGE.—Maximum stage recorded during period, 14.9 feet April
18 (discharge, 2,750 second-feet); minimum stage, 6.14 feet August 28 (discharge,
3 second-feet).

Ice.—Station operated for only a short period during winter.

Reguration.—No dams above have sufficient storage capacity to affect the flow for
more than a single day.



HUDBON BAY DRAINAGE BASIN, 47

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 3 and 2,800 second-feet. Gage read to tenths or hundredths once
daily during periods of high water; readings obtained irregularly during other
periods. Daily discharge for days when gage was read, ascertained by applying
daily gage height to rating table except for period March 24 to April 3, when stage-
discharge relation was affected by ice, for which it was agcertained by applying to
rating table the daily gage height corrected for backwater from ice. Discharge
interpolated for days when gage was not read. Records fair.

CoopPERATION.—Station maintained in cooperation with the Bureau of Public Roads,
Department of Agriculture.

Discharge measurements of Sheyenne River at Valley City, N. Dak., during the period
Mar. 24 to Aug. 29, 1919.

Date. Made by— h%i‘g ° cl?airsge. Date. Made by— h(é}i;? ) ch]irlsg;e.
Sec.:{t. Fed, .S’e&.;{t.
68 || Apr. 17 14.50 | 2,
6 .- 1,450 19 14.86 { 2,740
9 Lakeb and Lubinsbd.. 9.95 1,240 22 12.95 2 120
11 Clay'tonb and Lubms 9.00 l 120 25 9.98 | 1, 250 .
~ | 48| e i
1.8 | 1,760 || July 3 7.21| "84
13,55 2,500 || Aug. 29 6.14 3.3
13.94 2,440 || Sept. 19 6. 56 32
1438 | 2480

a.; Mt:as%tement made from Normal School bridge 1,500 feet above gage; stage-discharge relatien probably
ec y ice
Engineer, Bureau of Publie Roads U. 8. Department of Agriculture. .

Daily discharge, in second-feet, of Sheyenne River at Valley City, N. Dak., for the peri od
Mar. 24 to Aug. 29, 1919.

Day. Mar. | Apr. | May. | June.| July.| Aug. Day. Mar. | Apr. | May.| June.| July.| Aug.

l

NoTE.—Discharge interpolated on aocount of lack of gage readings, May 1, 10, June 13, 15,19, 20, Gage
not read on days for which no discharge is gag ! e P o8

Monthly discharge of Sheyenne Rwer at Valley City, N. Dak., for the period Mar. 24 to
Aug. 29, 1919.

Discharge in second-feet.
Month. Run-offin

Maximum, | Minimum.| Mean.

100 219 3,480
2, 7% 630 | 1,58 94,000
1,020 275 405 24,900

260 107 198 11,800
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SHEYENNE RIVER AT HAGGART, N. DAK.

LocaTron.—At private wagon bridge a fourth of a mile north of Northern Pacific Rail-
way station at Haggart, Cass County.

DRAINAGE AREA.—5,400 square miles.

REecoRDs AvarmaBLe.—March 29, 1902, to June 30, 1907, and March 21 to August 31,
1919, when station was discontinued.

GaceE.—Vertical staff bolted to pile-pier of the wagon bridge; read by employee of
United States Department of Agriculture.

DiscEARGE MEASUREMENTS.—Made from wagon bridge.

CHANNEL AND coNTrROL.—Bed composed of silt and clay; fairly firm but subject to
gradual changes.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period, 16.8 feet April 28
(discharge, 2,220 second-feet); minimum stage, 3.6 feet August 23-31 (discharge,
52 second-feet).

1902-1907: Maximum discharge recorded during period, 2,030 second-feet April
9-11, 1902 (gage height, 18.0 feet); minimum stage, 2.6 feet August 18, 1903 (dis-
charge, 19 second-feet).

Ice.—Station operated for only a short period during winter.

REecULATION.—None.

Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined between 50 and 2,260 second-feet. Gage read to tenths once daily.
Daily discharge ascertained by applying daily gage height to rating table, except
for period March 21 to April 2, when stage-discharge relation was affected by
ice, for which it was ascertained by applying to rating table daily gage height cor-
rected for backwater from ice, and except for period June 1-30, when gage was
not read, for which mean discharge was estimated at 305 second-feet, by com-
parison with flow at Valley City. Records excellent during flood season; fair for
other periods.

CooPERATION.—Station maintained and base data furnished by Bureau of Public
Roads, Department of Agriculture.

Discharge measuremenis of Sheyenne River at Haggart, N. Dak., during the period Mar. 21
to Aug. 81, 1919.

Gage Dis- Gage | Dis-
Date. Made by— Deight.| charge, || Date- Made by— B eiaé%\t. charge.
Feet. | Secft. Feet. | Secft.
Apr. 8 | Simonsand Lake. 11.61 1,240 || Apr. 24 | Simonsand Funderhide| 15.67 1,990
10 | J. H. Lake........ 12,60 | 1,440 26 | B. 8. Clayton.......... 16.55 | 2,100
11 | Lake and Lubins......| 12.85 1,460 b2 3 IR 1 S, 16.74 2,260
14| J.H.Lake.coooeeen.... 12,75 1,350 | May 7 | Clayton and Lubins... 9.84 777
18 .. 12,54 1,190 ([ July 1| D.S.Helmick......... 5.00 189
14.19 | 1,730 || Aug 27 | Clayton and Lake...... 3.77 65
15.18 | 1,920

Daily discharge, in second-feet, of Sheyenne River at Haggart, N. Dak., for the period
Mar. 21 to Aug. 81, 1919.

Day. Mar, | Apr. | May. | July. | Aug. Day. Mar. | Apr. May. | July. | Aug.
965 | 1,860 212 86 1,140 T4 190 68
1,260 | 1,660 212 86 1,020 710 190 68
1,460 | 1,480 234 86 1,220 695 179 60
1,560 | 1,300 258 86 1,460 680 212 60
1,860 | 1,120 234 86 1,620 621 190 60
1,420 | 1,020 168 86 1,680 607 | 201 60
1,220 858 179 86 1,800 537 190 60
1,200 841 168 86 1,880 537 179 52
1,240 710 146 K 1,980 523 168 52
1,240 714 146 77 2,060 495 157 52
1,420 807 168 kid 2,140 469 157 52
1,440 824 179 68 2,180 430 146 52
1,440 157 68 2,220 404 128 52
1,440 807 146 68 2,180 | 404 116 52
1,400 714 168 68 2,060 391 128 52

........ 391 - 138 52
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Monthly discharge of Sheyenne River at Haggart, N. Dak., for the perioed Mar. 21 to Aug.
19.

Discharge in second-feet.
Run-off in
Month. ) acre-feet.
Maximum. | Minimum.| Mean.
208 6,500
1,570 93,400
784 48,200
305 18,100
175 10,800
67.6 4,160
.......... 181,000

DEVILS LAEE NEAR DEVILS LAKE, N. DAK.

LocaTioN.—At biologic station of University of North Dakota, on shore of Creels Bay,
6 miles southwest of city of Devils Lake, in Ramsey County.

DraiNage AREA.—The theoretical drainage area of the lake is about 3,710 square
miles. In years of ordinary rainfall water reaches the lake from only a very
small part of this area, for most of it drains into local depressions and small lakes,
where it remains until lost by evaporation. By survey in 1883, the length of the
lake was found to be 35 miles, and its area 115 square miles. It was a continuous
body of water then, but at present it is divided, by sand bars and roadways, into
three separate large lakes and at least 8 smaller ones, the combined area of which
is only about 52 square miles. In 1920 the elevation of the water surface of some
of these lakes differed by 3 or 4 feet. At present, the greatest depth of water is
about 20 feet.

RECORDS AVAILABLE.—June 7, 1901, to September 30, 1920 (fragmentary). A few
records were obtained in earlier years.

Gace.—Staff gage attached to pier at biologic station. Occasionally the gage is
damaged or removed by ice during spring break-up, but is replaced by reference
to several bench marks in the vicinity. Zero of gage,1,416.2 feet above sea-level.
Read occasionally by employees of the biologic station.

ReauraTioN.—The lake has no outlet. The stage of the lake shows the relation
between evaporation from the lake surface and the inflow from the surrounding
country and gives an indication of whether the run-off has been affected by the

~ settlement and cuitivation of the land surface of the drainage area.

CooreraTION.—Records furnished by North Dakota Biological Survey.

Gage height of Devils Lake near Devils Lake, N. Dak., during the years 1919 and 1920.

Gage | G '
Date. hoge | Date. height.

Feet, Feet.
July 24,1919, ... ceiiniiecncnencaneanenn 6.3 || Aug. 12,1920.cc.ceecerencncnacnancaanen 5.3
June 22, 1920....ccerenveccccccnornnnnnens 5.9 || Oct,—,1920...ccceeueereeennecnrennnnnns 4.6
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Summarized record of gage heights of Devils Lake near Devils Lake, N. Dak., for the period

1867-1918.
Gage Gage G
Date height. g Date. height. Date. height.

Feet, } : Feet. Feet,
26.7 1 July 16, 1905 .- 13.5 || Aug. 14, 1912.. a9.7
22.9 ’ Nov. 29, 1905 . 12.6 || May 30, 1912_ . .-- 8.8
22.8 |l June 7, 1906. ... .. al3.0 || May 5,1913...... 210.1
15.4 || Nov. 16,1906.......... 11.6 || November, 1913....... %7
13.0 || July'9,4907. ... o 12.5 || July 7, 1914, ... . 9
13.0 || Nov. 15, 1907... 11.3 || Sept. 19, 1914 3.0
12.4 || Apr. 21, 1908... 11.7 || June 29, 1915 7.8
11.6 || November, 1908 10.2 || Sept. 7, 1915, 6.8
14.1 1 June 6, 1909 11.0 || July 7, 1916. 1.9
13.0 {| Oct. 25,1909.......... 10.0 || Nov.5,1916........... ., 6.9
al3.1 | June 25, 1910. .. 9.7 || Apr.15,1917.. - 71
11.8 || Sept. 1, 1910. 8.6 || Nov. 10, 1917.. 5.6
. a13.4 | Aug. 14,1911... R7 || May 7,1918...... a5.7
Nov. 29, 1904. 12.6 || Sept. 30, 1911... 8.5 || November, 1918¢. 4.7

e Same stage occurred on other days during year.
b About 8.9 feet. -
¢ About Nov, 22,

Note.—Gage heights given for period 1001 to 1918, are maximum and minimum s tages obtained from
occasional gage readings made generally during period April to Nevember of each year. -
RED LAKE RIVER AT THIEF RIVER FALLS, MINN.

LocarioNn.—In sec. 33, T. 154 N., R. 43 W., a third of a mile below dam at Thief River
Falls, Pennington County, and 1 mile below mouth of Thief River, which enters
from right.

DraINAGE AREA.—3,430 square miles. ,

RECORDS AVAILABLE.—July 1, 1909, to September 30, 1918, and March 25 to Sep-
tember 30, 1920.

Gage.—Inclined staff gage on right bank; read by Dedrick Knutson. During period
April 2 to August 18, when it was impossible to install inclined gage on account
of high stage of river, a series of temporary vertical staff gages was used.

DiscHARGE MEASUREMENTS.—Made from cable 100 feet above gage.

CHANNEL AND cONTROL.—Gravel and small boulders; practically permanent.

EXTREMES OF DISCHARGE.—Maximum open-water stage recorded during year, 9.2 feet
April 16 (discharge, 3,700 second-feet); minimum stage, 4.3 feet August 17 and"
18 (discharge, 290 second-feet).

1909-1918: Maximum open-water stage recorded, 12.2 feet April 19-21, 1916
(discharge, 7,040 second-feet); minimum discharge recorded, no flow, July 17 and
August 27, 1911; caused by regulation.

lee.—Stage-discharge relation seriously affected by ice.

REecurLaTiON.—A short distance above station is a dam owned by Hansen & Barzen
Milling Co. and the city lighting plant. The variation in load on the turbines,
due to the operation of the lighting plant (at night) and of the mill (chiefly during
the day), causes fluctuations in stage at the gage.

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined between 20 and 5,600 second-feet. Gage read to half-tenths
once daily. Daily discharge ascertained by applying daily gage height to rating
table except for period March 25 to April 9, when stage-discharge relation was
affected by ice, for which it was ascertained by applying to rating table the daily
gage height corrected for backwater from ice, and except for March 31 and July 23
for which discharge was interpolated on account of lack of gage readings. Daily
discharge for some days in error on account of fluctuations in stage caused by
operation of lighting plant and mill just above gage. Open-water records for days
of no fluctuation excellent; records for other periods fair.

CooPERATION.—Station maintained in cooperation with the Department of Drainage
and Waters, E. V. Willard, commissioner.
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Discharge measurements of Red Lake River at Thief River Falls, Minn., during the year
ending Sept. 30, 1920.

Date. Made by— hﬁ&i‘i‘ c}g‘r;'& Date. Made by— h%i; e ch‘;‘fg”e‘
~ .
: Feel, | Sec.ft
June 13 | W. L. Stockwell. 7.68 2,
25 | E. F. C’;handl%‘... 5,95 1,070
Aug. 19 | Chandlerand SBmith....| 506
Daily discharge, in second-feet, of Red Lake River at Thief River Falls, Minn., for the year
ending Sept. 30, 1920.
Day. Mar. | Apr. | May. : June. | July. ‘ Aug. | Bept.
1,300 | 1,110 890 695 515
1,230 | 1,050 840 695 515
1,170 | 1,050 840 650 538
1,170 905 840 605 515
1,170 | 1,050 79 605 42
1,050 | 1,060 7980 650 |-
1,110 | 1,050 48| 650 493
1,050 | 1,050 740 2 472
1,050 | 1,720 695 605 451
995 | 3,000 740 695 431
940 | 2,730 605 605 1
1,050 | 2550 940 560 515
1,050 | 1,870 940 515 538
995 | 1,870 890 431 560
1,050 | 1,720 890 357 560
890 | 1,720 840 323
3,200 940 | 1,570 740 290 515
2,730 890 | 1,300 560 290 472
2,200 940 | 1,170 560 515
2,280 840 | 1,050 740 493 515
1,950 40 | 1,050 650 493
2,030 940 | 1,050 650 515 515
1,870 890 | 1,050 720 515 538
1,790 940 | 1,050 790 515 515
1,640 940 995 538 193
1,500 940 040 740 515 193
1,640 | 1,050 995 740 538 472
1,300 l 995 995 740 515 451
1430 1,050 940| 740! 515 431
1,300 | 1,050 940 695 538 412
........ 15,110 |.ooeennes 538 |........

Monthly discharge of Red Lake River at Thicf River Falls, Minn., for the year ending
Sept. 30, 1920.

Discharge in second-feet.

Month. -
| Maximum. | Minimum. Mean.

2,040 431 1,610
3,700 1,300 2,360
1,300 840 1,020
3,000 940 1,360
940 560 <761
695 290 532
560 42 199

RED LAKE RIVER AT CROOKSTON, MINN.

Locazron.—In sec. 30, T. 150 N., R. 46 W., at new Sampson’s Addition highway
bridge in Crookston, Polk County, a quarter of a mile below dam and power house
of Crookston Light, Water & Power Co.’s plant. No tributaries enter for several
miles.
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DRAINAGE AREA.—H,320 square miles.

REcorDs AVAILABLE.—May 19, 1901, to September 30, 1920.

Gace.—Barrett & Lawrence water-stage recorder, on right abutment of bridge;
installed in September, 1911, replacing chain gage attached to bridge July 1,
1909. Both gages at same datum. During 1920 the water-stage recorder was not
operating and the chain gage was used. Prior to July 1, 1909, gage was on old
Sampson’s Addition bridge, about 300 feet farther upstream; this gage read the
same as present one at ordinary stages. Observer in 1919, 8. V. Holder; in
1920, M. J. Dean.

DISCHARGE MEASUREMENTS.—Made from steel highway bridge to which gage is
attached.

CHANNEL AND CONTROL.—One channel at all stages. Bed composed of silt, gravel,
and small boulders; slightly shifting. Control not well defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 21.1 feet July 5 (discharge, about 14,700 second-feet); minimum open-
water stage from water-stage recorder, 2.5 feet October 10 and 16 (discharge, 88
second-feet),

Maximum open-water stage recorded during year ending September 30, 1920,
10.8 feet April 16 (discharge, 5,230 second-feet); maximum discharge estimated
10,100 second-feet March 25 (stage-discharge relation affected by ice); minimum
stage recorded, 3.4 feet September 3 (discharge, 358 second-feet). Records
fragmentary for this year and probably the true maximum and minimum were
missed. ‘

1901-1920: Maximum open-water stage recorded during period, 21.1 feet July 5,
1919 (discharge, about 14,700 second-feet); minimum discharge recorded, 10
second-feet by current-meter measurement made January 27, 1912. The flow
is controlled to such an extent that the minimum recorded discharge has no
bearing on the minimum natural flow.

Ice.—Stage-discharge relation seriously affected by ice.

RecuratioN.—Considerable diurnal fluctuation at the gage is caused by operation of
power plant immediately above station. The plant has little storage, so that the
mean monthly flow should represent nearly the natural flow.

Accuracv.—Stage-discharge relation practically permanent. One rating curve
used during 1919 and 1920; well defined at all st#ges. Operation of water-stage
recorder fairly satisfactory during 1919; not operating during 1920, and chain gage
wasread to tenths once daily. Daily discharge during 1919, ascertained by apply-
ing to rating table mean daily gage height obtained Qy planimetering the water-
stage recorder graph, and during 1920 by applying daily gage height to rating table
except for periods indicated in footnote to tables of daily discharge. Open-
water records during 1919, excellent; other records, fair.

Discharge measurements of Red Lake River at Crookston, Minn., during the years ending
Sept. 30, 1919 and 1920.

Date. Made by— h‘glag e chI;};e. Date. Made by— hgiagﬁ. eh’g‘é'e_
1019, Feet, | Secft. 1920. Feet. | Secft.
May 3| J.T.Greenberg........ 4.33 755 || Jan. 5| H.A.Noble...couonn.. a5.32 416
July 7| E.F,Chandler. ..l 18.10| 10,700 || Mar. 26 | Chandler and Noble.... . 8,500
Sept. 10 |..... [ T J ..| 4.36 752 || May 8| W.L.Stockwell.......| 6.90 1,320
10 . 4.4 812 141 ... [ [ R, 6.07 1,620

June 25 | E. F. Chandler.. ...l b5.64 1,380

Aug. 17 |..... LS 1 3.95 569

o Stage-discharge relation affected by ice.
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Daily discharge, in second-feet, of Red Lake River at Crookston, Minn., for the years ending
Sept. 30, 1919 and 1920.

Day. Oct. | Jan. | Mar. { Apr. | May. | June. | July. | Aug. | Sept.
1918-19.

) S cemnennnn 302 {oeeneens|oannnns 2,480 850 622 | 1,500 | 1,950 | 1,040
620 | 2,000 | 1,950 1,040
760 | 635 | 7,820 | 1,820 | 1,04D
715 675 | 12500 | 1,760 | 1,040
850 715 | 14,400 | 1,760 970
1,040 | 805 | 13,600 | 1,760 900
1,140 850 | 11,300 | 1,760 825
1,200 | 1,040 | 9,530 | 1,760 750
Lo | nio| £00| TS| e
600

3 ¢ ¢l tl
1,260 | 1,090 | 7,460 | 1,920 525
1,140 | 1,040 | 7,100 | 1,970 450
1,140 | 1,000 | 6,680 | 2,020 375
1,140 950 | 6,500 { 3,200 284
1,040 900 | 6,420 | 3,430 217
990 850 | 6,160 | 3,280 288
1,040 760 | 5,820 | 3,200 313
990 760 | 5,400 | 3,130 264
990 780 | 4,80 | 2,980 320
940 715 | 4,390 | 2,760 306
895 750 [ 3,990 | 2,550 208
850 800 | 3,590 | 2,340 320
, &0 850 | 3,280 | 2,020 313
805 900 | 2,980 | 1,760 300
760 | 950 | 2,620 | 1,560 290
715 | 1,000 | 2,480 | 1,380 b1id
675 | 1,100 | 2,410 | 1,260 281
595 | 1,200 | 2,280 | 1,140 291
601 | 1,300 | 2,140 | 1,140 217
608 | 1,400 | 2,020 | 1,090 240
615 ... ... 1,050 | 1,040 |........
595
595
358
436
495
515
515
555
535
595
595
575
535
416
455
495
535
515
515
555
835
596
598
675
596
595
595
875
» 74
8l.... veeee| B, ORI censeons

Note.—No records obtained during winter except for periods Mar. 25-31, 1919, Jan. 5and Mar. 25 to Apr.
9, 1920; discharge during these periods, ascertained by applying to rating table the daily gage height cor-
reeted for backwater from ice. Water-stage recorder no ?emting, and discharge estimated or interpo-
Iai Oct. 3-0 and 25-31, 1918, May 29 to June 2, June 13-15, June 21 to July 3, Aug. 9-12, and Sept. 5-13,
94,25, 1919. Chain gage not read, discharge interpolated, Mar. 27-30, and Apr. 17, 18, 22, 1820; the chain
gage was not read d 1920, on days for which no daily discharge is given.
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Monithly discharge of Red Lake River at Crookston, Minn., for the years ending Sept. 30,
1919 and 1920.

Discharge in second-feet.
Month.
Maximum. | Minkmnum. Mean.

1918-19.
OCtObeT. ... o il it 302 | 88 191
March 25-31 . 2,690 850 1,900
April 2,760 805 1,470
May. 1,260 595 15
June 1,400 622 913
July..... 14, 400 1,500 5,800
............................................................. 3,430 1,040 2,049
September ......................................................... 1,040 240 506

1920.

MArch 25-3L. . .. it 10,100 5,320 7,610
April......... 5,7 2 410 3,900
August 24-31 . . 760 631
September 875 358 543

RED LAKE RIVER FLOOD OF JULY, 1919,

Unusual floods occurred on Red Lake River at and above the gaging station at
Crookston, Minn., during the first week of July, 1919, as a result of heavy rainstorms
that extended over the whole drainage area.

The precipitation occurred on July 1, 2, and 3, although at most points the
storm did not continue more than 48 hours and had ended by the morning of July
3. The precipitation for the three days at each of the five United States Weather
Bureau stations within the area ranged between 5.3 and 6.9 inches, and the total rain-
fall at each of the 13 nearest stations surrounding this area ranged for this period
between 1.1 and 9 inches. From all these the isohyetal average for the drainage
area of Red Lake River above Crookston during the three days is found to be 5.7
inches. The ensuing floods on the river and its tributaries much surpassed any ever
recorded in the summer since stream-gaging work was begun, and are said to be higher
than any open-water floods since the country was first settled by white men 40 or 50
years ago.

The drainage area of Red Lake River above the gaging station at Crookston, Minn.,
is 5,320 square miles. The gaging station is 30 miles above the mouth of the river,
and the extreme low stage there is 2.2 feet. Continuous records during the flood were
obtained, showing a rise from a stage of about 6 feet (discharge, 1,600 second-feet)
on July 2 to a maximum height of 21.1 feet (discharge, 14,700 second-feet) on the
afternoon of July 5; mean gage height for July 5, 20.8 feet. On July 6, 7, and 8 the
mean gage height was 20, 17.6, and 15.7 feet, respectively. Thereafter the stage fell
gradually to a height of 6.5 feet (discharge, 1,950 second-feet) at the end of July.

The gaging station at Crookston has been maintained since May 19, 1901, and since
that date the maximum stage reached during the flood of 1919 has never been exceeded
except on April 17, 1916, when astage of 21.8 feet was recorded, and -on March 25, 1920,
when a gage height of 23.3 feet was reached. Before gage-height records were kept
regularly, a height of 25.2 feet has been well authenticated for April 11 either of the
year 1896 or 1897. On April 24, 1904, a gage height of 20.3 feet occurred, and on April
15, 1906, 21 feet was racorded. However, all of these stages occurred at the time of
the ice break-up, when the velocity of flow is considerably retarded by floating and
jammed ice; hence it is doubtless true that the discharge of July 5,J1919,}was greater
than any which has ever before occurred within a 40-year period.

At Huot Bridge, 15 miles above Crookston, the highest stage since 1875 and prior to
1920 occurred during the spring break-up of 1896 or 1897, at which time the high-
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water elevation was permanently marked by residents; this high stage was in part
caused by ice jams. But on March 24, 1920, an ice jam (after the breaking of which
the water fell 6 feet in less than 12 hours) raised the water level about 2 feet sbove the
high-water mark of 1896-97. The stage of July 4 or 5, 1919, was said by residents to
be next highest to the 1896-97 stage, it being 3.3 feet lower.

The only important tributaries of Red Lake River are Black, Clearwater, and Thief
rivers. Black River entets about 23 miles, by river, above Crookston, and draine
about 200 square miles. No record of its flow was obtained, but it is not thought to
have been an important contributor to the flood.

The chief tributary is Clearwater River, which drains 1,310 square miles, and enters
Red Lake River at Red Lake Falls, 25 miles above Crookston. A gaging station on .
Clearwater River was maintained at Red Lake Falls from 1909 to 1917. The extreme
low stageis 1.6 feet. The rise at thisstation began at noon July 2, and on the afternoon
of July 3 the maximum gage height, 9.7 feet (discharge, 6,700 second-feet), was reached.
From this height there was a gradual fall to a stage of 6.9 feet at noon July 7, and to
6.5 feet on the morning of July 8. Previous flood heights recorded are, 15 feet April
6, 1913, and 8.9 feet April 12, 1916, both of which are known to have occurred during
the spring break-up, and are supposed to have been chiefly the result of ice jams
reported by the observer at these times. Therefore the discharge of July 3, 1919, is
assumed to be the greatest on record.

Thief River enters Red Lake River at Thief River Falls, 50 miles above Crookston
A gaging station was maintained 4 miles above its mouth from 1809 to 1917, at which
point the drainage area is 1,010 square miles.- The extreme natural low stage at the
station is 3.6 feet (discharge, about 1 second-foot). No daily records during the flood
of 1919 were obtainable, but the stage of the river was found by a hydrographer, on
the afternoon of July 8, to be at gage height 14.5 feet (discharge, 4,100 second-feet)
and still rising slowly, but apparently near its maximum. From information obtained
from the former gage reader, when the station was reestablished on April 1, 1920, it
was ascertained that the river rose to a crest stage of about 16.3 feet (discharge, 4,900
second-feet) on or about July 10. A gage height of 14.5 feet, was reached on April 23,
1916. On April 7, 1913, the stage of the river rose to 14 feet, but this was caused in
part by ice jams. No other recorded gage height approaches the height for July, 1919.
The flood flow of Thief River was delayed at least four days, presumably in former
lake basins, now drained, and hence reached the lower Red Lake River so long.after
the crest of the main flood that its damaging effect was practically negligible.

A station was maintained from 1909 to 1918 on Red Lake River at Thief River Falls,
below the entrance of Thief River; total drainage area, 3,430 square miles. The
natural minimum stage there is 2.8 feet (discharge, 7 second-feet). Gage readings
were obtained for several days during the flood of 1919. During the night of July 2
there was an abrupt rise, to a gage height of 11.1 feet on the morning of July 3. On
the morning of July 4 the gage height was 12.6 feet, the maximum, 12.7 feet (discharge,
7,600 second-feet), occurring in the afternoon. On the morning of July 5 the stage
was 12.5 feet, from which there was a gradual fall to 11.2 feet on the morning of July 8.
The maximum stage recorded at this station is 15 feet April 16, 1916 (discharge,
10,600 second-feet). No other heights above 10 feet have occurred at this station -
while it has been maintained, except on April 6, 1916 (10.8 feet), and on April 10, 1917
(10.6 feet), both of which occurred during the spring break-up; hence the maximum
discharge of the flood of July, 1919, was much greater than any other except that of
April, 1916.

From the observed gage heights at Crookston for the week of highest stage, July 4
to 10, inclusive, the total run-off for the seven days is found to be 145,000 acre-feet,
This is, however, a total of only 0.5 inch per square mile of drainage area, which illus-
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trates how small a fraction of rainfall flows immediately off from level, undrained, or
imperfectly drained swampy land such as this river flows through.

If it be assumed that the time of flow to Crookston from Red Lake Falls was about
24 hours, and from Thief River Falls about 36 hours, the partial gage-height record at
each of these points would indicate that about 55,000 acre-feet was contributed by
Clearwater River, which is 0.8 inch per square mile of drainage area. About 80,000
acre-feet reached Crookston from Thief River Falls during the week of highest stage,
of which an estimated amount of 25,000 acre-feet was contributed by Thief River,
although this estimate is doubtful on account of lack of continuous gage readings on
Thief River. v

This flood caused no loss of life, although at Crookston much inconvenience and
considerable injury resulted. - It caused a very great loss to agricultural and grazing
lands by overflow. The streams overflowed their banks at low places, submerging
the crops long enough to cause total loss, and covering the vegetation in pastyre lands
with glime and mud so as to destroy all grazing that summer.” However, the area
injured by overflow from the rivers was very small as compared with that which suf-
fered by the collecting of water on the lower fields from other fields a few inches or
feet higher. On account of the small slope of the country and the infrequency of
drainage ditches the water remained on the land several days, and destroyed its use-
fulness for that season.

THIEF RIVER NEAR THIEF RIVER FALLS, MINN.

Locatron.—In sec. 3, T. 154 N., R. 43 W, 1,000 feet above steel highway bridge, in
Marshall County, 5 miles north of Thief River Falls, Pennington County, and &
miles above mouth of Thief River.

DRAINAGE AREA.—1,010 square miles.

REeCORDS AVAILABLE.—July 1, 1909, to September 30, 1917, and April 1 to September
30, 1920.

Gage.—Chain gage installed August 19, 1920, on cantilever timber fastened to a tree
on right bank; read by Byron Yager. During period April 2 to August 18, 1920,
high stages prevented the installation of the chain gage and a series of temporary
gages was used. An auxiliary staff gage is attached to left abutment of highway
bridge, 1,000 feet below chain gage.

D1scHARGE MEASUREMENTS.—Made from steel highway bridge 1,000 feet below gage
or by wading near gage.

CHANNEL AND cONTROL.—One channel at all stages. Bed composed of heavy gravel
and boulders; practically permanent. Banks high and not subject to overflow.

EXTREMES OF DISCHARGE.—Maximum discharge estimated, 1,780 second-feet April
8 (stage-discharge relation affected by ice); minimum stage, 3.6 feet September
10, 11, and 19-21 (discharge, 0.4 second-foot).

1909-1917; 1920: Maximum stage recorded, 14.5 feet April 23, 1916 (discharge,
4,080 second-feet); practically no flow past the gage October 1, 1910, to March
12, 1911, August 2-13, 22-26, 1911, September 1-3, 5-12, 14-18, 1911, and Novem-
ber 10, 1911, to March 26, 1912.

Flood of July, 1919, reached a stage of about 16.3 feet (discharge, about 4, 900
second-feet).

Recurarion.—Dam at Thief River Falls, three-quarters of a mile below mouth of
Thief River, backs up the water in Thief River for several miles, but the station
is protected from influence of dam by rapids below.
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Accuracy.—Stage-discharge relation practically permanent. Rating curve well
defined, below 3,800 second-feet. Gage read to half-tenths once daily. Daily
discharge ascertained by applying daily gage height to rating table except for
period April 1-9, when stage-discharge relation was affected by ice, for which it
was ascertained by applying to rating table the daily gage height corrected for
backwater from ice, and except for period April 25-26, for which it was interpo-
lated on account of lack of gage readings. Open-water records excellent; winter
records fair.

COOPERATION.—Station maintained in cooperation with the Department of Drain-
age and Waters, E. V. Willard, commissioner. )

Discharge measurements of Thief River near Thief River Falls, Minn., during the year
ending Sept. 30, 1920.

- | Gage Dis- Gage | Dis-
Date. Made by— height. | charge. | D8te: Made by— height. | charge.
Sec.~fi.
399 || June 10
266 15
336 || Aug. 19

Daily discharge, in second-feet, of Thief River near Thief River Falls, Minn., for the year
ending Sept. 30, 1920.

Day. Apr. |May. | June.| July.| Aug.| Sept. Day. Apr. | May.| June.|July.| Aug. | Sept.
213 | 275 54 15| 0.8 61| 440 33| 4 0.8
186 | 334 51 13 .8 56 | 330 29| 3 .8
181 | 349 42 12 .8 54| 232 20 3 .6
155 | 319 37 12 .8 70 | 142 26| 3 .4
150 | 275 33 .8 77| 118 26| 4 .4
131 | 218 33 7 .8 86 96 23| 4 .4
131 | 194 33 [} .6 90 84 20| 4 .4
107 | 275 6 .6 142 [ 107 40 3 .8
107 | 743 23 5 .6 260 | 103 771 3 .8
103 |1,160 23 4 .4 260 86 71 2 2
96 |1,230 23 4 .4 275 77 69| 2 1.6
90 11,200 26 8 .6 275 77 65| 1.4 2

1,020 34 8 .6 260 72 40 .8 2
721 743 34 6 .6 246 65 29 .8 1.6
65| 548 33 6 .6 232 61 20 .8 1.6
E:3 [ DU 246 t...... 17 8.

Monthly discharge of Thief River near Thief River Falls, Minn., for the year ending Sept.

30, 1920.
Discharge in second-feet.
Month,
Maximum. | Minimum.| Mean.
1,780 260 945
275 54 147
1,230 61 366
77 17 36.4
15 .8 5.15
2 4 .87

ThEPOIIO0 s e e e vevvnmnenenenenenseemestnecaeanncsnnnesnens 1,780 r .4 247
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PEMBINA RIVER AT NECHE, N. DAK.

Location.—At Great Northern Railway bridge a third of a mile above Great Northern
Railway dam and two-thirds of a mile north of Neche, in Pembina County.

DRAINAGE AREA.—2, 960 square miles (revised).

Recorps avaiLaBie.—May 1, 1903, to September 30, 1915, and April 1, 1919, to
September 30, 1920.

GacE.—Vertical staff bolted to concrete abutment at north end of railway bridge;
read by P. J. Horgan.

Di1scHARGE MEASUREMENTS.—Made from highway bridge 350 feet below railway
bridge; at very low stages made by wading below Great Northern dam.

CBEANNEL AND coNTROL.—Bed composed of clay and silt. Control is loose-rock
dam, a third of a mile below gage; shifts slightly.

EXTREMES oF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 18.3 feet April 8 (stage-discharge relation affected by ice); maximum
open-water stage, 15.1 feet April 15 (discharge, 2, 430 second-feet); minimum
discharge, estimated 4 second-feet April 1 and 2, because of ice.

Maximum discharge during year ending September 30, 1920, estimated 361
second-feet April 19 and 20 (stage-discharge relation affected by ice); minimum
stage recorded, 3.5 feet August 24 to September 20 (discharge, 10 second-feet).

1903-1915; 1919 and 1920: Maximum discharge recorded, 3,870 second-feet
May 2, 1904 (gage height, 20.9 feet); a stage of 21.4 feet (discharge, 3, 850 second-
feet) was reached April 8, 1913; minimum stage recorded, 1.3 feet September
15, 16, 18, 19, and 21-24, 1911 (discharge, 1.0 second-foot).

Ice.—Stage-discharge relation seriously affected by ice.

Rrcuration.—The water is raised at low stages from 1 to 2 feet at the gage by the
loose rock dam about 3 feet high, a third of a mile below, constructed to give
sufficient depth of water for the intake of Great Northern Railway water tank.
There is considerable leakage through the dam, but no permanent determination
of the effect of the dam can be made because it is liable to be somewhat disturbed
atits crest by ice run or spring floods in any year. There are no reservoirs or power
plants that affect the flow.

Accuracy.—Stage-discharge relation changed slightly during winter of 1919-20.
Rating curves used during periods April 1 to November 30, 1919, and March 26
to September 30, 1920, both well defined between 10 and 4, 000 second-feet; curve
used during the latter period is a revision below 425 second-feet of curve used
during former period. Gage read to tenths once daily. Daily discharge ascer-
tained by applying daily gage height to rating table except for periods indicated
in footnote to tables of daily discharge. Open-water records good; winter records

poor.

Discharge measurements of Pembina River at Neche, N. Dak., during the years ending
Sept. 80, 1919 and 1920.

Gage Dis- _ Gage | Dis-
Date. Made by— height. | charge. | Date- Made by. height. | charge.
1919. Feet. | Sec-ft. 1920. Feet, | Secft.
Mar. 31 | H. A.Noble........... 4,30 a4 | May 6| W.L.Stockwell....... 5.22 348
May 23..... (o L P, 5.95 447 |} June 28 | E, ¥. Chandler......... 4.41 111
30 | J. T. Greenberg. .- 5.36 283 || Sept. 8 [..... L U TN 3.48 9.5
31 [..... do. ......... ... 5.39 287 9 ... (s [\ P 3.49 9.0
Ang. 14 | E, F. Chandler.. . 3.99| . 25

& Stage-discharge relation affected by ice; discharge estimated.
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Daily discharge, in second-feet, of Pembina River at Neche, N. Dak., for-the years ending
Sept. 30, 1919 and 1920

Day. . Apr. | May. | June. | July. | Aug. | Sept.
110 41 27
92 41 2
2 41 27
92 41 27
92 41 27
92 41 2
92 27 18
92 27 18
92 27 18
92 27 18
92 27 18
€2 27 18
92 27 |. 18
92 27 27
92 27 27
110 27 27
110 27 27
110 27 27
110 27 27
110 27 27
92 27 41
92 27 41
74 27 41
74 21 57
74 27 57
74 27 57
74 27 57
57 27 57
57 27 74
41 27 74
41 27 |eeencnnn

July. | Aug. | Sept.
95 38 10
9| ,38 10
95 2 10
85 27 10
95 2 10
95 27 10

T 9% 27 10
95 19 10
05 » 10
95 19 10
95 19 10
25 19 10
79 19 10
79 19 10
7 19 .10
% 13 10
79 13 10
i 13 10
79 13 10
79 B 10
i d 13 13
79 13 19
79 13 27
il 10 27
50 10 38
50 10 38
38 10 38
38 10 50
38 10 50
- 38 o 50
38 10 |eceee...

" Norg.—Stage-discharge relation affected by ice A; g’ 1-9, Oet. 30to mif 1919, and Mar 28 to Aprﬁoﬂ,

920; ds ascertained b, a})pl to rating tal ;
ice. Discharge estimated Oct. 1-4, 1 91% on account oflack of gagerea.d.lnﬁs Gage not on days during
%I& ovexznsber&%?m, for which no discharge is given. No gage-height record obtained from N ov. 30, 1919, to
ar.

105708—23——5
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Monthly discharge of Pembina River at Neche, N. Dak., for the years ending Sept. 80,
1919 and 1920.

Discharge in second-feet.

Month. dere-foet.
Maximum. | Minimum. | Mean.

2025 e
SRR

et
et

o Estimated.

ROSEAU RIVER AT CARIBOU, MINN.

LocaTtion.—In sec. 84, T. 164 N., R. 45 W., at steel highway bridge in Caribou, Kitt-
son County, 1 mile south of international boundary and 3 miles upstream from
crossing of boundary line by river.

DRAINAGE AREA.—1,340 square miles.

RECORDS AVAILABLE.—April 1 to October 6, 1917; April 12 to September 30, 1920.

GacE.—Chain gage fastened to downstream handrail of bridge, 60 feet from left abut-
ment; read by James A. McKibbin.

DISCHARGE MEASUREMENTS.—Made from highway bridge.

CHANNEL AND cONTROL.—Channel i8 artificial, of trapezoidal cross-section, about 100
feet wide and 10 feet deep. Bed composed of hardpan, with few scattered large
boulders. Point of zero flow, bottom of channel, gage height about 3.0 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during period, 11.5 feet April
15 (discharge, estimated 1,600 second-feet, because of ice); minimum stage, 3.15
feet August 23 to September 1 and September 8-14 (discharge, 12 second-feet)

1917 and 1920: Maximum stage recorded same as for 1920; minimum stage, 3.1
 feet September 10-12, 29, and 30, 1917 (discharge, about 4 second-feet).

Ice.—Stage-discharge relation seriously affected by ice.

Diversions.—No diversions involving storage or loss of water. A small channel about
3} miles long was dredged some years ago from a point about 4 miles above the
station to a point 1 mile below. At stage of about 6.0 feet water flows in this chan-
nel and must be measured and included in all measurements of the main channel.

RecuraTioNn.—None.

Accuracy.—Stage-discharge relation practically permanent except as affected by ice.
Rating curve, based on 7 discharge measurements and on computations using
Kutter’s formula, is fairly well defined throughout. Gage read to half-tenths
once daily. Daily discharge ascertained by applying daily gage height to rating
table except for periods indicated in footnote to table of daily discharge. Records
good.

CoOPERATION.—Station maintained in cooperation with the Department of Drainage
and Waters, E. V. Willard, commissioner.
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Discharge measurements of Roseau River at Caribou, Minn., during the year ending Sept.

30, 1920.
Date. Made by— hgiz et:. clPaisgpe. Date. Made by— hgim. clg.irze.
1920. Feet. | Sec-ft. 1920. Feet. | Sec-ft.
Apr. 26 | H. A. Noble............ 7.08 4685 || June 24 | E. F. Chandler......... 4.49 150
ay 15 | W. L. Stockwell....... 5.25 261 || Aug. 18| ..... A0.ueeenneiinnan.s 3.18 14.6
June 12} ..... i (R, 6. 59 b 527

a Includes 48 second-feet measured in cut-off ditch.
b Includes 21 second-feet measured in cut-off ditch.

Daily discharge, in second-feet, of Roseau River at Caribou, Minn., for the year ending
Sept. 30, 1920.

.| July.| Aug. | Sept. Day, Apr. | May. |June, |July. | Aug. | Sept.
88 16 12 1,120 | 252 | 422 27 14 14
76 18 14 1,000 | 219 | 362 24 14 14
70 16 14 211 | 508 24 14 18
64 16 14 700 | 211 | 443 24 14 18
59 16 14 624 | 235 287 24 14 18
54 16 14 576 | 252 | 188 24 14 16
48 16 14 576 | 252 159 24 14 18
43 16 12 624 | 252 | 132 24 12 19
43| 16 12 624 | 305 | 132 24| 12 24
39 16 12 624 | 324 | 119 23 12 24
35 14 12 624 | 486 | 106 21 12 27
35 14 12 624 | 530 112 18 12 31
30 14 12 649 | 563 | 112 18 12 39
24 14 12 624 | 624 | 106 18 12 35
27 14 14 624 | 624 94 18 12 31

....... 624 [......[ 18 12 ......

Nore,—Stage-discharge relation affected by ice Apr. 12-16: discharge ascertained by applying to rating
table the daily gage height corrected for backwater fromice. Gagenotread April26; discharge interpolated.
*®

Monihly discharge of Roseau River at Cartbou, Minn., for the year ending Sept. 80, 1920.

Discharge in second-feet.

Month,
Maximum. | Minimum, Mean,

1,600 [-eeeeennsnsn 705
600 2ii 386
700 94 414

88 18 35.1
16 12 14.0
39 2 17.8

MOUSE RIVER AT MINOT, N. DAK,

LocatioN.—At Anne Street footbridge, northeast of Great Northern Railway round-
house at Minot, in Ward County.

DRAINAGE AREA.—8,400 square miles,

RECORDS AVAILABLE.—May 5, 1903, to September 30, 1920.
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Gaae.—Temporary vertical staff gage on shore of river, 500 feet above Anne Street
footbridge; installed by observer about April 1, 1919, when old Anne Street
bridge was taken down and the staff gage on that bridge was destroyed; used
October 1, 1918, to September 30, 1920. About March 10, 1920, a new vertical
staff gagein two sections was installed on the piers of the new Anne Street bridge,
but was read only once a week, the temporary gage being used through remainder
of year. Gages read by Ephraim Cox. From 1903 until December, 1909, gage
was a vertical staff located on a footbridge then existing about 20 rods above
Anne Street. All gages referred to same datum.

DiscHARGE MEASUREMENTS.—Made from Anne Street bridge, North Street bridge,
South Sixth Street bridge, or by wading.

CHANNEL AND cONTROL.—Bed composed of clay and silt; practically permanent,
Control is timber and loose-rock dam 1 mile below gage at water tank of Minnes
apolis, St. Paul & Sault Ste. Marie Railway. Dam is submerged at high stages,
causing a reversal in the rating curve.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 15.0 feet April 18-20 (discharge, 1,860 second-feet); minimum stage,
3.95 feet August 26-28 and September 1-3, 9, and 21-23 (discharge, 0.7 second-
foot).

Maximum stage recorded during year ending September 30, 1920, 17.1 feet May
5 and 6 (discharge, 2,560 second-feet); minimum stage, 3.7 feet February 29 and
March 6 (discharge, 0.4 second-foot).

1903-1920: Maximum stage recorded during period, 21.9 feet April 20, 1904
(discharge, estimated 12,000 second-feet); minimum stage, 1.8 feet February 28,
1913 (discharge, 0.1 second-foot).

Ice.—Stage-discharge relation affected by ice.

oREGULATION.—Dam about 5 feet high at Minneapolis, St. Paul & Sault Ste. Marie
Railway tank, a mile below, raises water at gage about 5 feet at ordinary low stage.
The dam being designed merely to give enough depth of water for the intake-pipe
suction, has no sluices, but is not absolutely tight. When discharge is less than
about 6 second-feet, the water level falls below crest of dam.

Diversions.—None.

Accuracy.—Stage-discharge relation changed slightly during latter part of 1918;
affected by ice during winters of 1919 and 1920; otherwise permanent. Two
rating curves used, both well defined below 2,500 second-feet; applicable re-
spectively, October 1 to November 30, 1918, and December 1, 1918, to September
30, 1920; curve used during latter period is a slight revision at the low-water end
of curve used during former period. Gage read to hali-tenths once daily during
open-water periods, and to hali-tenths once a week during ice-affected periods.
Daily discharge ascertained by applying daily gage height to rating table except
for periods indicated in footnote to tables of daily discharge. Open-water records
fair; winter records poor.

Discharge measurements of Mouse River at Minot, N. Dak., during the years ending Scpt.
30, 1919 and 1920

Date. Made by— hgigﬁ;. ch]:irsg-e Date. Made by— oxgi;.g-e. hg;ﬁ.
1019, Feet. | Secdt. || 1920, Feet. | Sec.ft.
lﬁpr 120 H.A. Noble ............ 11,98 | 1,340 May 3d| E.F. Chandler......... 16,66 | 2,120
..... .| 8.09 June 214d| do 5.33 56
J'I.Ily 2 E.F. Cha.ndler... 4,57 0.2 || Aug. 27 4.49 9.3
Aug 30¢|.....do 3,96 7

@ Measurement made from Anne Street bridge.
b Measurement made from Ninth Street bndge
¢ Measurement made with float.
& Measurement made from South Sixth Street bridge.
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Daily discharge, in second-feet, of Mouse River at Minot, N. Dak., for the years ending
Sept. 30, 1919 and 1920.

Day. Oct. | Nov. | Deo. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
155 469 50 | 17 4 0.7
335 390 4] 11 4 .7
730 | 362 5| 11 4 7
010 335 50 | 17 4 .8
350 362 4 25 3.2 .8

1,480 362 39 21 4 .8
1,460 | 296 4] 21 4 .8
1,200 | 272 30| 17 3.2 .8
862 237 251 14 3.2 N
826 | 204 25 14 3.2 1.0
960 215 21| 11 3.2 L0
1,170 226 21| 11 -2.4 1,0
1,440 226 25 9 2.4 .8
1,620 | 204 30| 9 2.4 .8
1,610 194 30 11 3.2 .8
1,710 226 251 11 1.8 .8
1,790 | 155 25| 9 1.6 .8
1,860 | 127 30| 9 16 1.0
1,860 | 18| 30| 7 L1 1.0
1,880 | 127 25| 7 11 LO
1,700 | 138 4| 7 1.0 7
1,640 | 138 39| 55| 10 9
1,480 | 127 39| 17 1.0 7
1,220 110 34 9 .8 .8
1,060 101] 30| 9 .8 .8
880 101 25 7 N .8
690 85 25| 7 N .8
848 70 21 7 N .8
827 58 21 9 .8 .8
563 70 17 9 .8 .8
....... 56 leeeenas] 7 1S - 30 PR

2470 184 39 | 11
3¢ 2 185 | 44 9.
25| 2 174 4 9

LUOOD NNNNR PRPORE PRNSN RRp R

0

0

0

0

0

0

0

0

290 0 0

240 0 0

. 44 {2,080 | 155 34 9.0 Q
. il usliiled| 138 34 7.0 0
. U5 15| nes0| 127| #4 40 4
. 6| 362 1240 127 39 7.0 1
: 24| 418| ‘92| 1i8| 30 7.0 4
16.eeuennnannnn I3 R R ST T 16| 493 826 18] 34 7.0 0
8 8| ee9| e90| 127| 30 £0 0
.8 7| oe0| 85| 127| 25 4.0 0
6 71,20 57| 101 28 7.0 0
'8 16| 1,300 a4¢| 101| 25 7.0 0
81,420 48| 85| 2 4.0 0

81,630 | 30| 100 21 4.0 0

syl 1el0| 3ee| 101| 17 40 0

7i1680| 309| 85| 17 3.2 ¢

8|10 24| 7B| 17 3.2 0

8lL,mm] 20! 70| 17 32| 90

8|70 28| 78| 2 24| 9.0

6| 1,840| 237| 78| 25 24| 110

D|1,010| 25| 8 24| 110

o0 | 204| 70| 17 g2 0.0

]
o

No'm,—Dum:ﬁpenods Oct. 1, 1918, to Mar. 21, 1919, and Nov. 1, 1919, to Mar. 12, 1920, %e ‘was not read

on days for which no discharge is given. Mean discharge during period Oct. 1, 1918, to Mar. 21, 1919, esti-
mated as foliows: Oct. I to Nov. 30, 18 second-feet; Dec. 1-31, 1918, 18. 5 momi—teet; Jan, 1-31, 11 second-
foot: Feb..1-28, 6.5 sevond-feet; and Mar. 1-21, 1919, 7 second-feet. Di; estimated on account.of lack

of gage readings, Sept. 28-30, Oct. 19-24, 26-31, 1019, Mar. 18, 19, 21-26, 1920.
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Monthly discharge of Mouse River at Mi'noé, N. Dak., for the years ending Sept. 30, 1919
and 1920.

Discharge in second-feet.

Month.
Maximum. | Minimum. | Mean.

1018-19.

Septem.ﬁer .

EVAPORATION AT UNIVERSITY, N. DAK!

The evaporation gage at University, N. Dak., was established April 17, 1905, on a
pool in a ravine called English Coulee, which runs through the campus of the Uni-
versity of North Dakota, immediately west of Grand Forks, N, Dak., and 2 miles west
of the Minnesota boundary.

The coulee drains about 60 square miles of very level prairie. Except for brief
freshets the flow in the coulee is small, varying from 1 second-foot or less to 20 second-
feet. In very dry weather the water lies in pools with scarcely any perceptible flow.

A heavy galvanized iron tank, 3 feet square and 18 inches deep, is placed in the
center of an anchored raft, so that the water in the tank is at the same level as the
water surface outside. The tank is filled nearly to the top, to a height precisely
marked by the pointed tip of a vertical rod in the center of the tank. Once each
day, after the change produced by evaporation or rainfall, the water level is restored
to the original height, the precise amount of water transferred being measured with a
cup of such size that one cupful of water is equivalent to 0.01 inch depth in the tank.

On the open prairie 40 rods distant is a standard rain gage. On days of rainfall the
difference (which is usually small) between the quantity measured by the rain gage
and the surplus in the tank is considered the evaporation for the day.

Observations were made usually about half an hour before sunset. The tempera-
ture of the water recorded is the temperature of the water in the tank. As the tank
ismade of metal, it has been found that at that time of day there is seldom a perceptible
difference in temperature reading between the water within and without the tank. -
The temperature of the air as recorded is the mean of the readings of the standard
self-recording maximum and the self-recording minimum thermometers for the
preceding 24 hours.

The following table shows for each 10-day period during the years ending Septem-
ber 30, 1919 and 1920, the gross evaporation, the total rainfall, and the mean tempera-
tures for the 10 observations of the water and of the air.

4 For complete description of this station and records of evaporation, rainfall, and temperature for 1905
t0 1908, see U. S. Geol. Survey Water-Supply Paper 245, pp. 64-67, 1910,
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Evaporation observations at University, N. Dak., for the years cndmg Sept. 30, 1919

and 1920,
Mean tem, Mean tem
ture (°1~P) ture (°I‘].).
Eva Rain- Evapo-| Rain-
Rate. ration, | fall. Date. ration.| fall. |————
Water.| Air. Water.| Air.
1918-19, Inches. | Inches. 1918-19, Inches. | Inches. .

ct. 0. 50 0.23 52 51 || Aug.11-20........ 1,53 0.53 68 69
.75 .19 45 511  21-8L....... 1.97 .99 63 60
14 .78 34 37 || Sept. 1-10........ 1,26 Jd2 62 64
.20 .60 33 36 1.54 1.72 59 62
.18 .43 32 32 1,34 .39 54 49

.51 .00 54 44
1.49 2.52 53 45 || Oct 1.28 .19 48 46
1.69 .79 62 55 11-20. .38 .01 45 33
2.59 1,31 74 67 e .12 .00 44 33
2.09 .74 69 67 || Apr. 26-30.. .48 .00 54 42
2.25 .61 79 73 ay .. 1.64 .09 59 53
2,13 1.04 75 72 1.81 .26 60 b4
2.38 2.09 77 70 21-3 2.29 168 leececea. 57
1.87 .95 73 68 || June 1-10........ 1.99 I 7% 60
2.18 1.12 72 71 .75 208 |eeeaneen 70

3.53 1.46 70 69

Nore.—Station temporarily discontinued June 15, 1920.
EAWISHIWI RIVERE NEAR WINTON, MINN.

LocaTioNn.—In sec. 20, T. 62 N., R. 11 W., in pond above lower dam of St. Croix
Lumber Co. at Kawishiwi Falls, 500 feet above Fall Lake, 3,000 feet below
Garden Lake, near west line of Lake County, and 2} miles east of Winton, St.
Louis County.

DRAINAGE AREA.—1,200 squa.re miles.

RECORDS AvAILABLE.—June 21, 1905, to June 30, 1907; October 14, 1912, to Septem—
ber 30, 1919, when station was discontinued.

GAGE. —Stevens water-stage recorder installed the latter part of September, 1912
by the International Joint Commission in cooperation with the United States
Geological Survey, at a point just above right end of dam. Well was attached
to timbers, which were bolted to the vertical rock wall of right bank of river.
Auxiliary staff gage was also attached to one of these timbers. The gage shelter
was supported by timbers which were bolted to the horizontal portion of the rock
wall above all possible high water. On May 27, 1913, the Stevens was replaced
by a Friez water-stage recorder. During the high water of June, 1914, the well
together with the float and wejght were carried away by logs. At this time
a concrete well was installed by the International Joint Commission a little
below the dam and outside the river channel, and connected with pool above the
dam by a pipe through the dam. The gage was repaired and again put in opera-~
tion about July 1, 1914. Both water-stage recorders refer to the same datum.
Attended by G. W. Byshe.

DisCHARGE MEASUREMENTS.—Made from cable about 1,000 feet above gage.

CHANNEL AND CONTROL.—At the gage the river flows through a small deep pool
formed by a timber dam without openings, which constitutes the control of
the gage, and is permanent unless dam is destroyed or alterations are made in the
crest About 200 feet above dam is a decided fall. Banks high enough to
prevent overflow in vicinity of gage. At measuring section bed of stream is com-
posed of rock and boulders; ratherrough. Current very swift except at low stages.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year, 4.58 feet at
11 a. m. April 80 (discharge, 2,500 second-feet); minimum stage, 0.35 foot Sep-
tember 22-30 (discharge, 30 second-feet).

1905-1907 and 1912-1919: Maximum stage recorded, 7.2 feet April 30 and
May 7, 1916 (discharge, 5,370 second-feet); no flow, ‘August 24, 25, 30, 31, and
September 1, 1905, August 6 and 8, 1906, and April 23, 24, and 26, 1907; caused
by regulation at outlet of Garden Lake.

Ice.—Stage-discharge relation not seriously affected by ice.

REecuraTioN.—8t. Croix Lumber Co. has a dam at outlet of Garden Lake for con-
trolling the level of water in that lake, and for storing water to be used in driving
logs over the stretch of rapids between Garden and Fall lakes. This dam is
capable of holding the water in Garden Lake about 7 or 8 feet above its natural
level at low water before water will flow over the gates. When the water in
Garden Lake is held at a high stage, the elevation of water is considerably higher
in Farm Lake, and it is understood that the elevation of the surface of White
Iron Lake is somewhat affected by the stage of Garden Lake. During the log
driving season, April to November, the water in Garden Lake is held to the
elevation of top of gates practically all the time. In November some of the gates
are opened so that the lake is drawn down to low-water stage, and remains so until
gpring. 8t. Croix Lumber Co. has a dam at outlet of Birch Lake, which controls
its elevation, and is capable of holding the water about 5 feet above low water.
This dam is left open during winter and until high water of the spring break-up
has passed. Itisthen closed, and the lake held as high as possible during the sum-
mer. There are a number of low dams in Stony River used for gluicing logs off
rapids, but these have no storage of importance back of them. Large volumes of
water are allowed to pass through sluices of dam at outlet of Garden Lake for a
few hours at a time, at irregular intervals, when desired to drive logs from Garden
Lake to Fall Lake. At other times these gates are closed so that there is only a
elight flow caused by leakage through dam. At other times some of the gates are
partly opened to allow passage of sufficient water to prevent flow over crest of
dam. During the year there was little log driving on rivers.

Acouracy.—Stage-discharge relation permanent; not affected by ice or logs. Rating
curve fairly well defined below 2,890 second-feet. Continuocus gage record from
recording gage during open-water period; weekly gage readings during winter.
Daily discharge ascertained as follows: October 1 to 31 and April 23 to September
30, obtained from water-stage recorder graph by means of discharge integrator;
April 21 and 22interpolated, on account of lack of gage readings; ten-day averages,
November 1 to April 20, based on weekly gage readings. Records good for periods
when water-stage recorder was operating; fair for other periods. Information
as to operation of gates in dam at outlet of Garden Lake given in footnote to table
of daily discharge.

No discharge messurements were made at this station during the year
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Daily discharge, in second-feet, of Kawishiwi River near Winton, Minn., for the year
ending Sept. 80, 1919.

Day. Qct. | Nov. | Dee, | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
275 2,290 | 1,520 | 788 | 6B 48
595 2,200 | 1,550 | 782 | 66 48
404 2,150 | 1,490 776 66 48
295 2,120 | 1,440 | 770 62 48
376 2,080 | 1,040 | 602 60 48

65 55 195 160 135 350

127 2,080 898 522 57 48
122 2,080 943 522 56 48
122 2,080 879 522 55 ) 46
119 2,080 | 808, 434, 54 46
116 2,080 | 1,000 391 53 44
116 2,070 | 1,120 391 48 44
111 2,060 | 1,000 | 308 | 48 2
108 2,030 | 1,100 | 391 48 42

1,940 (1,080 | 387 | 48 38
113 200 1,860 | 1,100 387 48 36

55 210 185 150 125

13 1,600 | 1,100 | 331| 48 35
94 1,520 | 1,120 186 48 33
72 1,350 | 1,140 231 48 33
62 1,390 | 1,170 | 136 13 33
59 1,270 | 1,410 | ,170 | 68| 48 32
62 1,250 | 1,430 { 1,170 66 48 32
68 1,230 | 1,440 | 1,130 | 64 48 30
68 1,200 | 1,450 | 1,080 64 48 30
68 - 1,210 1,450 { 1,080 | 64| 48 30
68 5 140 1,220 | 1,460 | 1,060 | 64| 48 30
68 2570 165 125 ) ) 090 (1,500 (1,030 | e8| 48| 30
68 1,520 (1,010 | 66| 48 30
68 1,240 | 1,530 | 963 | 66| 48 30
68 1,520 | 1,560 | 87| 66 48 30
66 2,070 | 1,520 805 66 48 30
3 o | N | E OO | I AN 1,500 |oeeee.e| 66| 48 1.......

NortE.—Braced figures show mean disnhaxge for ods indicated. Gates In dam at outlet of Garden
Lake known to have been ?ened or closed, Oct,. 1, 5, 14, 1918, Apr. 5, 26, 28, 30, May 16, 17, June 5, 10, 29,
and July 5, 9, 16, 17, 19, 1910.

Monthly discharge of Kawishiwi River near Winton, Minn., for the year ending Sept.

30, 1919.
Discharge in second-feet.
Month.

’ Maximum.| Minimum.| Mean,
October. 141
govmbu... 12%7
s m

©| cenoases
M: esectecaces ;?;;

1,770
1,100
314
51.7
38,1
412
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UPPER MISSISSIPPI RIVER BASIN.
MISSISSIPPI RIVER AT ELK RIVER, MINN.

FLocarion.—In sec. 8, T. 121 N., R. 28 W., at highway bridge in Elk River, Sherburne
County, 2,500 feet below mouth of Elk River.

DRAINAGE AREA.—14,500 square miles.

REcoRns AvAmABLE.—July 22, 1915, to September 30, 1920.

Gaae.—Chain gage bolted to handrail of bridge, downstream side, near right bank;
read by Reynard Ebner. ,

DiscHARGE ‘MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; control not well defined.
Banks high and not subject to overfiow.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 7.23 feet at 7.28 a. m. April 15 (discharge, 14,800 second-feet); minimum
open-water stage recorded, 2.38 feet at 6.51 p. m. October 15 (discharge, about
1,890 second-feet); minimum discharge may have occurred during ice-affected
period. i

Maximum open-water stage recorded during year ending September 30, 1920,
9.77 feet at 8 a. m. March 28 (discharge, 24,100 second-feet); minimum discharge,
estimated 1,880 second-feet November 13 (stage-discharge relation affected by ice).

1915-1920: Maximum open-water stage recorded during period, 10.8 feet April
7, 1916 (discharge, 27,000 second-feet); maximum discharge probably occurred
on or about April 5, 1917, and has been estimated at about 34,000 second-feet,
from records of discharge at Coon Rapids power plant; minimum discharge
estimated, 1,880 second-feet November 13, 1919 (stage-discharge relation affected
by ice).

Ice.—Stage-discharge relation seriously affected by ice.

ReauraTioN.—Nearest dam above station on the Mississippi is at St. Cloud, 40 miles
upstream. An observed systematic diurnal fluctuation at gage of about 0.1 foot
is doubtless due to regulation at St. Cloud; but most of the effect of regulation is
eliminated before reaching the station. Flow of river is controlled by Govern-
ment dams on the upper river for the purpose of increasing low-water open-season
flow in the interests of navigation. ‘

Accuracy.—Stage-discharge relation permanent except as affected by ice. Rating
curve well defined hetween 4,620 and 12,400 second-feet, and fairly well defined
between 12,400 and 26,300 second-feet. Gage read to hundredths twice daily.
Daily discharge ascertained by applying mean daily gage height to rating table
except for periods indicated in footnote to tables of daily discharge. Open-water
records excellent; winter records fair.

CoopPeraTION.—Gage readings furnished by United States Engineer Corps.

chharge measurements of Mississippi River at Elk River, Minn., during the years ending
Sept. 80, 1919 and 1920.

[Made by 8. B. Soulé.}

Gage | Dis- Gage Dis- Gage | Dis-

Date. hei;it. charge. Date. height. | charge. Date. heigﬁt. charge,
1918. Feet. | Seeft. 1919. Feet. | Sec-ft. 1920. Feet. | Sec-ft.
Nov. 6.cee-nee 2.78 2,240 || Apr. 20........ 6.39 | 10,900 {| June 23........ 6.88 | 13,400
B Oct. 23........ 413 | 4,950 || Sept. 5....e... 4.36 | 5,530
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Daily discharge, in second-feet, of Mississippi River at Elk River, Minn., for the years
ending Sept. 30, 1919 and 1920. : )

Day. Oct. | Nov. | Dec. { Jan. | Feb. | Mar. | Apr. | May. | Juné. | July. | Aug. | Sept.

1918-19.

1 2,700 9,520 | 7,620 | 3,840 | 7,930 | 4,080 | 4,080
2,550 10,500 | 7,620 | 4,080 | 7,310 | 3,610 | 4,340
2,300 0,840 | 7,310 | 4,080 | 7,000 | 4,080 | 4,620
2,420 9,200 | 7,000 | 4,080 | 7,000 | 3,840 | 4,910
2,300 9,840 | 7,930 | 4,080 | 6,700 | 3,820 | 4,910
2,420 9,200 | 6,400 | 4,910 | 5,800 | 3,610 | 5,800
2420 10,200 | 7,630 | 4,620 | 5,200 | 4,620 | 5,500
2,420 11,400 | 7,930 | 5,500 | 4,910 | 4,080 | 5,800
2,550 11,400 | 8,240 | 6,700 | 5,200 | 4,340 | 5,200
2,700 12)700 | 8,240 | 7,620 | 5,200 | 4,340 | 5,200
2,700 13,000 | 8,880 | 7,930 | 4,620 [ 4,340 | 5,500
2,860 13,400 | 9,520 | 7,930 | 4,340 4,620 | 5,
2,700 13,700 | 9,840 | 8,240 | 4,620 | 4,340 | 4,010
2,860 14,000 | 9,520 | 8,560 | 5,200 | 4,620 | 5,500
2,860 2,200 14,700 | 8,560 | 9,840 | 4,620 | 4,620 | 5,200
2,700 |{2450 (2,400 7,100 | 13 700 | 8,880 | 10,200 | 4,340 | 4,620 | 4,620
3,030 13,000 | 8,560 | 9,200 | 4,080 | 4,340 | 4,080
3,610 12,700 | 8,240 | 9,200 | 3,840 | 4,340 | 4,620
3, 12,400 | 7,6 9,200 | 3,610 | 4,620 | 4,620
3,840 11,800 | 7,620 | 8,240 | 3,840 | 4,340 | 4,340
3,840 11,800 | 7,310 | 7,620 | 4,080 | 4,340 | 4,620
3,610 10,800 | 7,000 | 7,310 | 3,610 | 4,080 | 4,620
3,21 10,500 | 6,700 | 7,930 | 3,810 | 4,340 | 4,340
3,030 9,840 | 6,100 | 7,930 | 3, 3,840 | 4,080
3,03 9,520 | 5,800 | 8,240 | 3,610 | 4,080 | 4,
3,030 8,880 | 5,500 | 8,240 | 3,840 | 3,840 | 4,340
2, 9,520 | 4,340 | 8,5 4,080 | 3,610 | 4,340
2,300 8,830 | 4,620 |- 8,560 | 3,840 | 3,610 | 4,340
230 || ... 7,930 | 4,340 | 8,560 { 3,610 | 3,840 | 4,340
P | S | N O 7,310 | 4,340 | 8, 3,610 | 4,340 | 4,080
...................... 4,080 |o..n....| 3,840 | 4,620 |--.u-..
5,200 | 2,550 | 3,260 | 2,740 | 2,260 | 19,100 | 11,400 | 8,880 | 18,800 | 5,800 | 5,200
5,200 | 2,330 | 3,150 | 2,560 | 2,660 | 18, 12,100 | 10,200 | 19,400 | 5,500 | 5,500
5,200 | 2,920 | 3,420 | 2,530 | 2,740 | 17,400 | 10,800 | 8, 19,400 | 5,200 | 5,800
5,200 | 3,230 | 3,270 | 2,380 | 2,480 | 16,000 | 9,520 | 14,000 | 18,800 | 5,200 | 5,500
4,620 | 3,530 | 3,140 | 2,180 | 2,380 | 16,000 | 9,840 | 14,700 | 18,400 | 5,500 | 5,500
4,340 | 3,730 | 3,180 | 2,310 | 2,480 | 14,300 | 9,520 | 15,000 | 18,100 | 5,200 | 4,910
4,080 | 3,710 | 3, 2,600 | 2,410 | 14,000 | 9,200 | 15,000 | 17, 5,200 | 4,620
4,080 | 3,600 | 3,350 | 2,400 | 2,200 | 13,400 | 8,880 | 15,700 | 16, 4,620 | 4,910
3,030 | 3,630 | 3,310 | 2,390 | 2,310 | 13,400 | 8,880 | 15,700 | 15,700 | 4,080 | 4,620
4,340 | 3,480 | 2,990 | 2,510 | 2,150 | 12,700 | 9,520 | 15,000 | 15,000 | 4,620 | 5,200
4,080 | 3,080 | 2,940 | 2,650 | 2,480 | 12,700 | 12,100 | 16,400 | 14,700 | 4,620 | 5,800
3,840 | 3,420 | 2,870 | 2,590 | 2,450 | 12,700 | 13,700 | 16,400 | 13,400 | 4,910 | 5,500
1,880 | 3,470 | 2,960 | 2,450 | 2,690 | 12,400 | 13,000 | 16,700 | 12,100 | 5,200 | 5,800
2,830 | 3,310 | 2,960 | 2,580 { 2,610 | 12,100 | 13,700 | 17,400 | 12,100 | 5,500 | 5,800
3, 3,250 | 2,860 | 2,320 | 3,120 | 11,800 | 12,700 | 18,400 | 10,200 | 5,500 | 5,800
3,150 | 3,280 | 2,710 | 2,350 | 3,370 | 10,200 | 12,400 | 18,400 | 10,800 | 5,500 | 5,800
3,840 | 3,410 | 2,970 | 2,650 | 3,230 | 9,520 | 12,100 | 18,400 | 10,500 | 5,800 | 5,800
4,800 | 3,260 | 2,840 | 2,600 | 3,610 | 9,520 | 11,100 | 17,700 | 9,840 | 5,500 | 6,100
4,730 | 3,370 | 2,760 | 2,540 | 3,890 | 9,840 | 10, 17,700 { 9,840 | 5,500 | 6,400
5,070 | 3, 2,740 | 2,580 | 5,980 [ 9,200 | 9,520 | 17,100 { 9,200 | 6,100 | 6,700
5,460 | 3,280 | 2,990 | 2,500 | 4,470 [ 9,840 | 8,560 | 16,000 | 8,560 | 6,100 | 5,800
5,630 | 3,500 | 2,490 | 2,480 | 5,620 | 9,520 | 8,880 | 14,700 | 8 560 | 5,800 | 6,100
5,660 | 3,270 | 2,680 | 2,260 | 7,360 | 10,200 | 9,840 | 13,700 | 7,620 | 5,800 | 5,800
5,580 | 4,000 | 2,820 | 2,610 [12,200 | 10,500 | 10,200 | 12,700 | 7,000 | 5,800 | 5,800
4,480 | 3,260 | 2,630 | 2,500 (17,000 | 11,400 | 10,200 | 12,100 | 8,700 | 5,800 | 5,200
3,820 | 3,310 | 2,370 | 2,610 (21,800 | 12,100 | 9,840 | 11,100 | 6,400 | 5,800 |. 5,800
2,720 | 3, 2,710 | 2,440 122,200 | 12,100 | 9,840 | 12,100 | 6,400 | 5,500 | 5,500

5,200 | 2,940 | 3,170 | 2,670 | 2,450 (22,800 | 12,100 | 9,200 | 12,700 | 6,700 | 5,200 | 6,100
4,910 | 3,350 | 3, 2,520 | 2,410 (21,100 | 12,100 | 8,880 | 14,000 | 6,700 | 5,200 | 5,800
.| 5,200 | 2,940 | 3,380 | 2,570 |..-.... ,800 | 12,100 | 8,560 | 16,000 | 7,000 | 5,200 | 6,100
5,500 |..-.... 2,530 | 2,490 |.... 00 20,100 |........ 8,880 |...... ..| 6,400 | 5,500 |.......

NoTE.—Stage-discharge relation affected by ice Dgf. 1, 1918, to Mar. 31, 1919, and Nov. 13, 1919, to Mar. 25,
1920; mean discharge for former period and daily discharge for latter period' ascertained ’l)y means of dis-
charge records from Coon Rapids 1{»ower plant, computed by Northeérn States Power Co., allowance being
made for discharge of Crow and Rum rivers, which enter between Coon Rapids and the gaging station.
Braced figures indicate mean discharge for periods included.

.
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Monithly discharge of Mississippi River at Elk River, Minn., for the years ending Sept. 30,
. 1919 and 1920,

[Drainage area, 14,500 square miles.] -

Discharge in second-feet.
Run-off
Month. . Per in inches.
Maximum. | Minimum.{ Mean. squate
mile.
1918-19.
2,330 0,181 0.19
2,830 <195 .22
2,450 .169 19
2,400 166 .19
2,200 152 .16
7,100 .490 .
11,000 <759
7,210 49 .57
7,310 .504
, 730 +326 .38
4,190 .289 .33
4,750 .328 .
4,880 .337 4,57
5,180 . 357 41
4,170 .288
3,320 .229 26
2, «200 2
2,490 W172 .19
7,510 518 60
12,600 +869 N
10,400 ST
14,800 02 114
11,900 <821 .
5,380 371 .
5,640 +389 .
7,190 .496 6.76

MISSISSIPPI RIVER AT ST. PAUL. MINN.,

LocarroN.—At Chicago Great Western Railway bridge near foot of Robert Street,
8t. Paul, Ramsey County, 6 miles below mouth of Minnesota River.

DRAINAGE AREA.—35,700 square miles.

RECORDS AVAILABLE.—March 22, 1887, to September 30, 1920. Observations of
stage were begun in 1873 by United States Signal Service and continued by
United States Weather Bureau. Many discharge measurements were made prior
to 1800 by United States Engineer Corps.

Gage.—Chain- gage installed May 9, 1913, on handrail, downstream side, of Chicago
Great Western Railway bridge, near foot of Robert Street; read by United States
Weather Bureau employees. From 1911 to May 9, 1913, the gage was a vertical
staff attached to a piling on left bank of river about 800 feet upstream from present
gage. - Prior to 1911 a vertical staff gage on Diamond Joe Line wharf, at foot of
Jackson Street, about 400 feet below chain gage, was used. The datum of all
threc’gages is the same, allowance being made for the slight slope in river between
them.
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EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1918, 7.5 feet March 24 and 25 (discharge, 20,900 second-feet); minimum
stage recorded, —1.0 foot September 30 (discharge, 2,630 second-feet).

Maximum stage recorded during year ending September 30, 1919, 13.8 feet
April 22 (discharge, 54,500 second-feet); minimum stage recorded, —0.7 foot
October 21 (discharge, 2,920 second-feet).

Maximum stage recorded during year ending September 30, 1920, 13.6 feet
March 29 (discharge, 53,100 second-feet); minimum stage recorded, 0.4 foot
November 14 (discharge, 4,220 second-feet).

1887-1920: Maximum stage recorded, 18.0 feet April 6, 1897 (discharge, 80,800
second-feet); minimum discharge recorded, 1,060 second-feet February 4, 1895.

Highest known discharge occurred July 22, 1867, and amounted to 117,000
second-feet.

DISCEARGE MEASUREMENTS.—Up t0 1915 made from Chicago, St. Paul, Minneapolis
& Omaha Railway bridge, 2 miles above station; in November, 1915, and April,
1916, measurements were made from Chicago Great Western Railway bridge to
which present gage is attached. Since 1916 measuggrhents have been made from
Wabasha Street highway bridge, about 1,000 feet afove station.

CHANNEL AND CONTROL.—Channel somewhat shifting. Control not well defined.
Banks moderately high; have not been overflowed in recent years.

Icr.—Stage-discharge relation seriously affected by ice.

ReaurATION.—During extreme low-water regulation of the flow through turbines at
the nearest dam in Minneapolis may- cause diurnal fluctuation of stage at Ste
Paul. Flow is regulated by Government reservoirs on the headwaters at Lake
Winnebigoshish, Leach Lake, Pokegama Lake, Sandy Lake, Pine River, and
Gull Lake, to increase the low-water open-season flow in the interests of naviga-
tion, but the effect of this regulation is very gradual at St. Paul.

Accuracy.—Stage-discharge relation changed between September 12 and October 9,
1917, owing to dredging of channel beginning at a point about a third of a mile
below gag#and terminating 3,000 feet farther downstream. Since the dredging
was completed stage-discharge relation has been practically permanent except as
affected by ice. Two rating curves used during 1918, 1919, and 1920; one, appli-
cable October 1, 1917, to September 80, 1919, is fairly well defined, the other, a
revision of the 1918 and 1919 curve between 6,830 and 42,000 second-feet, and
applicable October 1, 1919, to September 30, 1920, is well defined between 6,000
and 48,000 second-feet. Gage read to tenths once daily. Daily-discharge ascer-
tained by applying daily gage height to rating table except during pericds of ice
effect, December 7, 1917, to March 17, 1918, December 11, 1918, to March 14,
1919, and December 2, 1919, to March 8, 1920, for which no estimates of discharge
were ma@e. Records fair.

CoorerATION.—Gage-height record furnished by United States Weather Bureau.

Discharge measurements of Mississippi River at St. Paul, Minn., during the years ending
Sept. 30, 1919 and 1920.

[Made by S. B. Soulé.]

Gage | Dis- G ‘Dis- Ga Dis-

Date. hdﬁt. charge. Date. heizﬁ. charge. Date. heiéet. charge.
1918, Feet, Hac.ift. 1919, Fea. Hec.;{i.) 1920, Feet. | Secoft.
Nov. beee.n..... 2.22 | 7,180 || Apr.5-6........ 12.41 | 45, May i4......... 7.34 | 22,500
Oct.21.....0.0" 193 | 6,680 || June22..... . 9.87 | 31,000

8ept.7..en.....| 2.74| 8,280
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Daily discharge, in second-feet, of Mississippi River at St. Paul, Minn., for the years
ing Sept. 80, 1918-1920—Continued.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
7,030 | 4,350 [........ 49,500 | 24,600 | 16,700 | 33,000 | 18,300 | 7,850
6,640 2| 46,700 | 24,200 | 15,800 | 35,300 | 17,300 | 7,640
7,230 441600 | 23,900 | 16,100 | 36,800 | 16,100 | 85060
7,430 40,800 | 23,200 | 17,600 | 37,800 | 14,000 | 8,280
6,830 2| 38,400 | 21,800 | 19200 | 37,800 | 14,300 | 8,060
6,640 36,800 | 21,500 | 19,900 | 37,800 | 13,400 | 8,060
6,090 347000 | 21200 | 20,500 | 37,800 | 12,600 | 7,640
5,730 32,200 | 19,500 | 21,200 | 37,300 | 12} 7,430
8,090 31,300 | 18,300 | 21,500 | 36,800 | 11,200 | 7,840
8,450 29,200 | 17,600 | 21,500 | 36,300 | 10,400 | 7,430
6,830 27,200 | 18,300 | 21,800 | 35,300 ' 10,200 | 8,060
6,830 26,000 | 19,900 | 22, ¥ 9,010 | 8500
5,390 25,000 | 21,500 | 22,000 | 34,000 10,200 | 8,280
4220 23,900 | 21,500 | 23,900 | 33,000 | 10,200 | - 8,720
4350 22,900 | 21,800 | 25,700 | 32,600 | 10,200 | 8280
4,630 21,800 | 21,800 | 27,200 | 31,700 | 10, 7,850
5,070 )500 | 22,500 | 29,600 | 30,800 | 10 8,280
5,910 2000 | 22,200 | 31,700 | 30,400 | 9,910 | 8,060
6,640 |- 18,600 | 21,800 | 32,600 | 30,400 | 9,180 | 7,850
7,030 18,300 | 21,500 | 32,200 | 30,000 | 9,420 | 8060
7,430 18,300 | 20,800 | 32,200 | 20,200 | 9,420 | 8,960
£, 060 17,900 | 19,900 | 31,300 | 28, 9,420 | 8060
8,950 17,900 | 19,500 | 30,400 | 28,400 | 8,950 | 8,280
9,130 |- 18,600 | 19,500 | 29,200 | 27, 8950 | 8,280
8,280 19,500 | 19,200 | 28,000 | 26,800 | 8,720 | 8,280
7,850 20,500 | 18,900 | 26,400 | 25,700 | 8,280 | 8,060
8,280 22,200 | 17,900 | 25,700 | 24,600 | 2,500 | 7,850
5,070 22,000 | 17,000 | 27,600 | 23,600 | 8,280 | 8,060
4350 23,600 | 17,600 | 28,800 | 22,200 | 8,280 | 8,500
4350 24,200 | 16,400 | 30,000 | 20,500 | $,060 [ 8,500
................ 16,100 |........| 19,900 | 8,060 |.... ...

Monthly discharge of Mississippi River at St. Paul, Minn., for the years ending Sept. 30,
1918-1920. .

{Drainage area, 35,700 square miles.}

Discharge in second-feet.
Month, Rg}lc'ﬁgsi“
Maximum. | Minimum. | Mean, P e'msﬂg_am
1017-18.
7,790 6,000 | 6,910 0.194 0.22
6,640 4490 | 5,900 .165 .18
4,490 2,630 | 3,360 . 004 02
900 7,500 | 15,600 437 23
11,700 5560 | 7,660 215 24
15 6,000 | 9,760 2713 .31
17,600 6,830 | 11,700 .328 .37
7,990 4,920 6,010 .168 .19
14,700 5070 | 8600 -241

9,870 3,360 | 5,500 154 17
, 450 2,920 | 3,530 .1
12,900 720! 9,300 .261 .29
6,830 5390 | 5,950 .167 .06

45,300 7,790 | 31,600 . .
54, 500 32200 | 42,100 118 1.32
30, 700 9,650 | 19,100 .535 .62
44,600 9,430 | 22,600 .633 Rl
40,800 9,870 | 23,500 .658 ]
10, 800 6,210 8800 247 .28
7,790 5730 | 6,700 .188 21
7,640 6,000 | 6,920 .104 .22
9,180 4220 6500 182 .20
53,100 £020 | 23700 .664 51
49,500 17,000 | 27,100 759 .85
24,600 16,100 | 20,400 5T .66
32,600 15,800 | 25,000 700 .78
37,800 10,900 | 31,200 814 101
18,300 8060 | 10,800 .303 .35
8,950 7,430 | 8,100 . .2
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MINNESOTA RIVER NEAR MONTEVIDEO, MINN.

Locarion.—In sec. 17, T. 117 N., R. 40 W., at highway bridge 1 mile south of Monte-
video, Chippewa County, and 500 feet below mouth of Chippewa River.

DRAINAGE AREA.—6,300 square miles,

REecorps AvarmABLE.—July 22, 1909, to September 30, 1920.

Gage.—Chain gage attached to upstream handrail of bridge, near left bank; read by
Esther Hendricks. Datum of gage lowered 2 feet September 16, 1909, and 1 foot
more July 29, 1910, to avoid negative readings. All gage heights referred to
latest datum. .

DISCHARGE MEASUREMENTS.—Made from upstream side of bridge.

CHANNEL AND coNTROL.—Bed composed of heavy gravel and sand; practically
permanent. There is a slight rapids just below gage, but the control section
is not well defined. The banks are of medium height, and will be overflowed
at a stage of about 14 feet.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending Septem-
ber 30, 1919, about 18.85 feet June 25 (discharge, about 22,000 second-feet);
gage height furnished by A. F. Meyer, consulting engineer, Minneapolis, Minn.;
minimum open-water stage, 1.82 feet October 5 (discharge, about 52 second-feet).

Maximum stage recorded during year ending September 30, 1920, 15.05 feet

"July 13 (discharge, 8,930 second-feet); minimum stage recorded, 3.06 feet Octo-
ber 1 and 12 and November 5 (discharge, 207 second-feet).

1909-1920: Maximum stage recorded, about 18.85 feet June 25, 1919 (dischargs,
about 22,000 second-feet); minimum discharge recorded, 6.8 second-feet Febru-
ary 9, 1912, by current-meter measurement.

Ice.~—Stage-discharge relation seriously affected by ice.

Reauration.—No regulation on Minnesota River above station. Regulation of
Chippewa River at plant of Chippewa Milling Co., in Montevideo, produces a
slight fluctuation in stage of Minnesota River at gage.

Accuracy.—Stage-discharge relation practically permanent except as affected by
ice December 21, 1918, to March 16, 1919, and November 24, 1919, to March 186,
1920, One rating curve used; fairly well defined. Gage read to hundredths
once daily. Daily discharge ascertained by applying daily gage height to rating
table except during periods of ice effect for which no discharge computations
were made, and except for period June 23 to July 3, 1919, when gage was not read
because of flooded banks, for which period daily discharge was ascertained from
field investigations and studies by Adolph F. Meyer, consulting engineer,
Minneapolis, Minn. Records good for 1919; fair for 1920.

Discharge measurements of Minnesota River near Montevideo, Minn., during the years
ending Sept. 80, 1919 and 1920.

[Made by 8. B. Sould.]

G: Dis- Gage | Dis- Gage | Dis-
Date. heigai?‘,. charge. Date. heigit. charge. Date. hsiggn charge.
1919, Feet. | Sec.-ft. 1920, Feel. | Seefi. 1620, Feet, | See~fd,
Apr. 25......... 8.57 1,930 || June 24......... 14.05 5,850 || Sept.8...c..... 5,36 094




.

UPPER MISSISSIPPI RIVER BASIN,

5

Daily discharge, in second-feel, of Minnesota River near Montevideo, Minn., for the yedrs

ending Sept. 30, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Mar. | Apr.

May. | Jume. | July. { Aug. | Sept.

731 | 10,200 ,200 338

759 | 9,000 | 1,160 316

759 | 8,200 | 1,100 316

906 | 6,800 | 1,100 316

967 | 5,810 1,030 316

1,060 | 5,050 998 816

1,160 | 4,300 947 316

,200 | 4.110 908 316

1,270 | 3,950 846 316

,230 | 3,880 817 316

1,670 | 1,270 | 3,690 759 316

1,490 | 1,300 | 3.520 788 316

1,450 | 1,300 | 3,570 731 274

1,380 | 1,300 , 130 731 274

1,340 | 1,450 | 2,910 731 274

2, 1,300 | 1,610 | 2,810 675 274
2, 1,270 | 1,920 , 660 675 274
2, 998 ( 1,960 | 2,510 €21 284
2, 998 | 2,050 5 3 594 216
2, 1,030 | 2,230 | 2,140 542 284
2, 1,100 | 2,410 | 2,100 516 198
2, 1,100 | 2,710 | 1,920 462 254
2, 1,030 | 7,000 | 1,780 462 254
2, 1,r30 | 13,000 | 1,740 | 462 254
2, 07 | 22,000 { 1,610 462 244
1, 967 | 19,000 | 1,530 462 225
1, 906 | 16,000 | 1,380 436 207
1, 846 | 14,500 | 1,380 386 207
1, 817 | 13,000 { 1,300 362 216
1, 759 | 11,500 | 1,230 362 216
k-] N 1,230 362 |..euenen

1,340 | 1,300 | 4,760 | 2,460 647

1,300 | 1,650 4,760{ 2,320 619

1,70 | 1,870 | 4,760 | 2,100 592

1,300 | 2,050 | 4,760 | 2,000 675

1,300 | 2,320 | 4,760 | 1,960 703

1,230 | 2,460 | 5,050 | 1,820 731

1,230 | 2,510 | 5,810 1,780 731

1,200 | 2,710 8220 1,570 731

1,100 | 2,810 | 8.930 ] 1,400 703

1,100 | 2,860 | 8,930 | 1,380 703

1,160 | 2,910 8,570 | 1,340 731

1,230 | 2.960 | 8,930 | 1,270 731

1,3% | 3,020 8,930 | 1,160 731

1,410 | 3,080 8,930 1,100 731

1,380 | 3,240] 8,220 | 1,060 647

1,300 | 3,300 | 7,540 998 619

1,300 | 3,300 | 6,800 067 619

1,300 | 3,350 | 6,310 876 592

1,300 | 3,460 | 5,810 817 540

1,270 | 3,690 | 5,390 846 514

1,230 | 4,610 | 5,210 817 514

1,230 | 5,810 | 4,760 788 514

1,160 | 6, 4,400 731 488

1,100 | 6,310 | 4,110 676 B5l4

1,030 | 5, 3,950 647 488

1,030 | 5,390 | 3,570 592 619

1,060 | 5,050 | 3,350 566 731

998 | 4,900 | 3,180 566 759

967 | 5,050 | 2,960 619 769

967 | 5,050 | 2,860 675 703

967 |.eeecn.. 2,660 675 |...... .

105708—23——6
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Monithly discharge of Minnesota River near Montevideo, Minn., for the years ending Sept.
30, 1919 and 1920.

[Drainage area, 6,300 square miles,]

Discharge in second-feet.
Run-off
Month. Per in
Maximum. | Minimum. | Mean. | - square inches.
mile.
1918-19,
October. 130 52 80.7 0.013 0.01
274 106 185 029 .03
244 198 219 035 .03
2,660 2,050 | 2,370 .376 .21
2,280 1,650 | 1,990 .316 .35
1,610 731 | 1,250 .108 .23
22,000 731 | 4,920 781 .87
- 10,200 1,230 | 3,480 ° 552 .64
1,200 362 700 111 .13
338 207 271 043 .08
274 207 234 037 .04
436 207 328 052 .04
3,130 876 | 2,100 333 .19
3,180 1,270 | 1,80 202 .83
1,410 967 | 1,200 - .190 22
6,310 1,300 | 3,620 575 .64
8,930 2,660 | 5,720 . 908 1.08
2,460 566 | 1,180 .187 .22
759 488 646 .103 .11

MINNESOTA RIVER NEAR MANKATOQ, MINN.

Locarion.—In sec. 14, T. 108 N., R. 27 W., at Sibley Park, 2 miles above center of
Mankato, Blue Earth County, and 1,000 feet below mouth of Blue Earth River.

DRAINAGE AREA.—14,600 square miles.

REecorps avarmLasre.—May 20, 1903, to September 30, 1920.

Gaee.—Chain gage on right bank of river, about 1,000 feet below mouth of Blue
Earth River; read by Clarence Staley, observer for United States Weather Bureau.

- The gage support is a fairly substantial cantilever structure, supported by two
heavy posts resting in concrete footings; settling somewhat; constructed and
maintained by the U. S. Engineer Corps.

DiscHARGE MEASUREMENTS.—Made from new concrete highway bridge in center
of Mankato 2 miles below gage, by wading a short distance below gage, or at
extreme high stages, by boat near gage.

CHANNEL AND coNTROL.—Bed composed of sand and light gravel; shifts during high
stages. Banks moderately high and not subject to overflow, except at stages
above gage height of 15 feet. Control not well defined.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1918, 10.9 feet August 24 (discharge, 14,500 second-feet); minimum stage
recorded, 1.2 feet October 10, 11, 15-17, 25, 26, 31, November 1-3, 11-14, 20-24,
and December 4-10 (d_lscharge, 420 second-feet)

Maximum stage recorded during year endmg September 30, 1919, 18. 9 feet
June 21 (discharge, 35,800 second-feet); minimum stage recorded, 1.2 feet October
23-28 (discharge, 720 second-feet).

Maximum stage recorded during year ending September 30, 1920, 12.0 feet
July 18 (discharge, 19,600 second-feet); minimum stage recorded, 1.2 feet October
22, 25, and 26 (discharge, 660 second-feet).

1903-1920: Maximum stage recorded, 21.2 feet June 26, 1908. (discharge, 43,800
second-feet); minimum stage recorded, 0.5 foot August 31 to September 2, 1911
(discharge, 89 second-feet).

The highest known stage of this river occurred in 1881, and is shown in Mankato
by a well-marked line, about 27 fest above zero of present gage (discharge, esti-
mated 65,000 second-feet).
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Ice.—Stage-discharge relation seriously affected by ice.

REecuLaTION.—The nearest dam on Minnesota River is at Minnesota Falls, 140 miles
upstream. A dam on Blue Earth River at Rapidan, a few miles above the mouth,
controls the flow of that river, which is about 20 per cent of that at the:Mankato
station, and produces considerable daily fluctuation at the gage, amounting at
times to over 1 foot.

Accuracy.—Stage-discharge relation not permanent; affected by ice January 1 to
March 18, 1918, December 11, 1918, to March 13, 1919, and December 5, 1919,
to March 22, 1920. Two rating curves used, one from October 1, 1917, to March
19, 1918, and one from March 20, 1918, to September 30, 1920; both curves poorly
defined. Gage read to tenths once daily. This gage reading does not represent
accurately the mean daily stage on account of fluctuation caused by artificial
regulation. Daily discharge ascertained by applying daily gage height to rating
table except for periods when stage-discharge relation was affected by ice for
which no computations of discharge were made. Indirect method for shifting
control used October 1, 1919, to September 30, 1920. Records probably poor.

CooPERATION.—Gage-height record furnished by United States Weather Bureau.

Discharge measurements of Minnesota River near Mankato, Minn., during the years ending
Sept. 80, 1919 and 1920.

[Made by 8. B. Soulé]

Gage Dis- Gage Dis- Gage
Date. helght. | chatge. Date. height. | charge. Date. height. | charge.

1918, Feet. Sec.(-&.) 1919, Feet, Sec.ag(.) 1920. Fect. | Secft.
Nov. 13......... 5.77 5, Apr. 28......... 10.62 | 14, May 13......... 501 | 4,
Oct. 22......... ‘112 621 15.. . .
June 25. . N
Sept.6..ece....

Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the years
ending Sept. 30, 1918-1920.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

1917-18.

10100908 90900550
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Daily discharge, in second-feet, of Minnesota River near Mankato, Minn., for the years
ending Sept. 80, 1918-1920—Continued.

Day. Oct. | Nov. | Dec. | Mar. | Apr. | May. | June. { July. | Auvg. | Sept.

1918-19.

gszey

g8
g8

[~ Y
g88

Rt sttty

Eatat et s

Bk ot et otk bk et ek ke ok ol o ko o ko et ok o ek

Eat It

ER% BEUEY UiEEL fEELE 8%

840

840

5,050 | 8,110 | 6,300 | 1,380

4910 | 8110 | 6,070 | 1,320

4910 | 8,300 | 5,62 | 1,320

4780 | 8,300 | 4910| 1,320

4,390 | 5,680 | 4,650 | 1,380

4,300 { 10,100 | 4,030 | 1,320

£270 | 12,200 | 4,030 | 1,320

4,030 { 15,200 | 3,570 | 1,320

4270 | 16,200 | 3,460 | 1,380

4,270 | 16,700 | 3,350 | 1,510

4,390 [ 16,900 | 3,140 | 1,580

4,390 | 17,200 | 3, 17580

900 4520 | 16,200 | 2,940 | 1,440

720 | 960 5,050 | 4,650 | 16,700 | 2)840 | 1,380
15l . 780 | 960 5770 | 4,910 | 18,400 | 2,650 | 1,380
16 . ceenecanennass] 780 1,090 |-.......|ir-.....| 8,300 | 5,920 | 6,070 | 19,100 | 2,380 | 1,260
17.. o 780 1,020 8,680 | 19,400 | 2)200 [ 1,260
o 70| 102 8,450 | 19,600 | 2, 1,260
4 s 102 10,700 | 18,800 | 2,110 | 1,200
J| s e60 10,900 | 18,400 | 2,110 | 1,200
780 | 1,020 10,100 | 16,900 | 2,080 | 1,200
660 | 1,080 0,880 | 16,400 | 1,750 | 1,140
720 | 1,080 0,270 | 14,800 | 1 1,140
720 | 1,080 680 | 13,600 | 1,510 | 1,260
660 | 1,020 §110 | 12,000 | 1,580 | 1,200
660 | 1,020 7,390 | 10,300 | 1,510 | 1,200
720 | 1,080 7,220 | 10,100 | 1,440 | 1,140
720 | 1,080 6,880 | 9,670 | 1,380 | 1,140
720 | 1,080 7,390 | 9,070 | 1,380 ( 1,140
780 | 1,080 7,030 | 8,110 | 1,440 | 1,140
780 fevmmenfoomeee i | 12,700 |00l 5,050 -0l 7,750 | 1,440 |........

3
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Monthly discharge of Minnesola River near Mankato, Minn., for the years ending Sept.
30, 1918-1920.

[Drainage area, 14,600 square miles.]

Discharge in second-feet.
Run-off
Month. Per | ininches,
Maximum. | Minimum. | Mean. | square
mile.
1917-18
420 470 |  0.032 0.04
470 420 450 . 031 .03
520 462 .032 .04
14, 100 3,810 8,230 . 564 .
, 680 1,380 2,250 154 A7
6,390 1, 2,580 177 .20
6,710 1,510 3,410 234 .26
3,790 1, 1,650 13 13
4, 500 2,110 6,120 . 419 .48
3,680 1,720 2,430 166 19
3,680 720 1,170 .080 .09
7,220 2,940 4,530 .310 .35
2,840 1,870 2,380 . 163 6
23,900 14,100 19, 600 1.34 .90
30, 200 11,400 19, 400 1.33 1.48
9, 880 2, 650 5,7 .39
35, 800 2,740 15,600 1.07 119
29,600 3,140 12,200 .836 .96
3,350 1,320 2,170 . 149 A7
1,440 840 1,200 .082 .
840 660 749 . 051 .08
1,080 720 925 . 083
1,080 930 1,020 .00 .01
14,300 11,600 | 13,000 .890 .30
12, 900 5,470 8,810 .603 67
7,930 4910 ,8%0 | .403 .46
10, 900 4,030 6,530 47 .
19, 600 7,750 13,600 932 Lo7
6,390 1,350 2,870 197 N
1,580 1,140 1,200 . 088 10

ST. CROIX RIVER AT SWISS, WIS.

LocaTioN.—In sec. 33, T. 42 N., R. 15 W., at highway bridge near post office of Swiss,
Burnett County, 2 miles above point where St. Croix River becomes boundary
line between Wisconsin and Minnesota. and 10 miles northeast of Danbury,
Minn., on Minneapolis, St. Paul & Sault Ste. Marie Railway. Namakagon River
enters from left 33 miles above station.

Dravaee AREA.—1,550 square miles (measured on map issued by Wisconsin Geo-
logical and Natural History Survey, edition of 1911: scale, 1 inch==6 miles).

RecORDS AvarLABLE.—March 13, 1914, to September 30, 1920,

Gacee.—Chain gage attached to downstream side of bridge May 16. 1918; read by Capt.
Richard Goldschmidt. Prior to that date a cast-iron staff gage bolted to concrete
pier at left end of bridge was used. Both gages at same datum.

DIscHARGE MEASUREMENTS.—Made from downstream side of bridge.

CHANNEL AND CONTROL.—Bed composed of gravel; smooth. Growth of aquatic
plants during summer may cause a small amount of backwater at gage. Left
bank high and not subject to overflow; right bank of medium height and may pos-
sibly be overflowed during extremely high water.
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EXTREMES OF DISCHARGE.—Maximum discharge recorded during year ending
September 30, 1919, 3,330 second-feet April 11; minimum discharge, estimated
740 second-feet February 2 (stage-discharge relation affected by ice).

Maximum discharge recorded during year ending September 30, 1920, 6,300
second-feet at 6.30 p. m. July 2 (gage height, 5.55 feet); minimum discharge,
estimated 710 second-feet January 23 (stage-discharge relation affected by ice).

1914-1920: Maximum stage recorded, 6.73 feet April 22, 1916 (discharge, 8,480
second-feet); minimum discharge, estimated 700 second-feet February 2 and 6,
1918 (stage-discharge relation affected by ice).

ACCURACY.——Stage—dlscharge relation not permanent; affected by ice December 1,
1918, to March 25, 1919, and November 28, 1919, to March 26, 1920. Two fairly
well defined rating curves used; one applicable October 1, 1918, to March 25,
1919, and March 27 to September 30, 1920, and the other applicable March 26,
1919, to March 26, 1920. Gage read to quarter-tenths twice daily. Daily dis-
charge ascertained by applying mean daily gage height to rating table except
for periods of ice effect for which it was ascertained by means of gage heights,
discharge measurements, observer’s notes,and weather records. Open-water
records good; winter records fair.

chharge measurements of St. Croix River at Swiss, Wis., during the years ending Sept.
80. 1919 and 1920.

' Gage Dis- Gage | Dis-
Date. Made by— height. | charge, || Date- Made by— heig%:t. charge.
1018, Feet. | Sec.ft. 1919, Feet. | Secft.

Nov. 9 [ S.B.Soulé.cecsarn..... 142 1,350 || Oct. 15 | 8 B. Soulé,............ 0.76 852
1919 Dec. 6a| J. W. Harris............ 4,60 1,230

Jan. 153 R.S. Huffman......... 1.90 886 | 1920,

Feb. 12e..... do....... Jd0 2,07 828 |} Jan. 9a 2.35 829

Mar. 8af..... do..... -] 216 822 || Feb. 10¢ 3.07 911

June 26 | S. B. Soulé............. 1.75 1,530 || May 11 .57 1,520

a Complete ice cover at control and measuring section.

Daily discharge, in second-feet, of St. Croiz River at Swiss, Wis., for the years ending
ept. 80, 1919 and 1920.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1918-19.

1,120 | 960 875| 750 | 8002370 | 1,530 | 960 1,400 | 1,620 | 000
1,050 | 960 | 875 | 740 | 800 | 2,170 | 1,490 | 1,060 { 1,370 | 1,530 | 870
1,030 | 960 | 875 | 750 | 795 2,170 | 1,490 | 1,060 | 1,290 | 1580 | 870
1,030 | 960 | 875 | 760| 790 | 2,070 | 1,490 | 1,100 | 1,370 | 1,660 | 840
1,00 | 960| 875 755| 800 |2,070 | 1,490 | 1,130 [ 1,370 | 1,620 | 870
1,120 960| 875} 750 | 810 2,070 | 1,450 | 1,100 | 1,330 | 1,660 | 930
1,150 | 960 | 875 760 | 815|2170 | 1,530 | 1,130 [ 1,200 | 1,660 |  90C
1,200 960| 875| 775| 8201|2170 1,530 | 1,130 | 1,290 | 1,530 | 870
1,30 | 960| 85| 780| 815 2,270 1,490 | 1,100 | 1,210 | 1,410 | 810
1,30 | 960 85| 790 | 810 2,800 | 1,530 | 1,130 | 1,170 | 1,330 | 840
1,200 960 | 875| 810| 810 3,330 | 1,490 | 1,210 | 1,130 | 1,210 | 810
1290 960| 875| 830 | 8153110 | 1,450 | 1,330 | 1,060 | 1,130 | 785
1,180 | 960 875 | 860 843 |2,800 1,370 | 1,410 | 990 | 1,200 | 785
1,220 | 960 | 875| 890 | 875 2,670 | 1,370 | 1,370 | 1,060 | 1,410 | 785
1,150 | 960| 885 920| 9202570 |1, 1250 | 1,060 | 1,370 | 785
1,150 | 960| 865 950 | 970]2,370| 1,410 | 1,170 | 990 | 1,330 | 760
1,220 | 960| 60| 925|1,040 | 2,270 | 1,370 | 1,130 | 960 | 1,370 | 760
1,20| 90| 850| 900|1,120|2,070 | 1,330 | 1,130 | 93¢ | 1,200 | 760
1,200 | 960| 870 | 900 |1,300| 1,980 | 1, 1,530 | 900 | 1,250 | 785
1,260 | 960 | 885| 900|1,4%0 | 1,980 | 1,210 | 1,330 | 870 | 1,170 | 760
1,180 | 930| 890 | 910 1,600 1,98 | L,170 | 1,210 | 840 1,130 | 760
1,180 | 900| 890 | 920|1,820 | 1,98 | 1,130 [ 1,250 | 810 | 1,100 | 760
1,120) 900 | 910 | 9002080 [ 1,890 | 1,130 [ 1,450 | 785 | 1,100 785
1,120 | 875| 930 | 8852330 | 1,800 | 1,100 | 1,620 | 810 | 1,080 | 785
1,060 | 875 | 930| 850 | 2,630 | 1,800 | 1,100 | 1,660 | 840 | '990 | 760
1,060 | 875 2,780 | 1,760 | 1,020 | 1,580 | 930 | 990 | 760
1,030 | 8% 2,780 | 1,760 | ‘990 | 1,530 | @30 | 960 | 760
1,010 875 2,890 ] 1,710 990 | 1,580 930 930 760
1,000 | 875 3,000 | 10620 960 | 1,660 | 930| 900| 760
%6 | 875 2,800 | 1,620 | 930 | 1,580 | 1,200 [ 930 | 760
....... 875 2570 ... e0l......l1660] 930i.......
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1
Daily discharge, in second-fect, of St. Crotz River at Swiss, Wis., for the years ending
Sept. 30, 1919 and 1920—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July.| Aug. | Sept.
1919-20. ‘
870 | 860 | 870 | 4,380 | 2,040 | 1,950 | 4,650 | 1,120 | 1,020
8401 870 | 870 (3,990 | 2,040 | 2,130 | 6,220 | 1,120
810 | 870 | 870 3,280 | 1,80 | 2,130 | 5,880 | 1,120 960
800 | 870 | 870 3,170 | 1,770 | 2,040 | 5,100 | 1,080 960
785 | 870 | 870 | 2,950 | 1,680 | 2,040 | 4,250 | 1,080 960
870 | 870 | 2,730 | 1,640 | 2,040 | 3,630 | 1,080 960
810 870 | 2,530 | 1,640 | 1,860 | 2,230 | 1,080 960
820 | 900 | 870 2,330 | 1,560 | 1,820 | 2,950 | 1,050 930
830 900 870 | 2,230 | 1,480 | 1,820 | 2,730 | 1,050 930
80| 910 | 900 | 2,130 | 1,400 | 1,820 | 2,430 | 1,050 960
0| 900| 9902130 1,480 | 2,430 | 2,330 | 1,050 | 1,020
810 900 | 1,060 | 2,040 | 1,480 | 2,530 | 2,130 | 1,080 | 1,050
810 | 870 | 1,210 | 2,010 | 1,440 | 2,430 | 2,040 | 1,080 | 1,050
870 | 1,330 | 2, 1,360 | 2,330 | 2,040 | 1,050 | 1,020
785 | 870 | 1,450 | 1,950 | 1,290 | 2,230 | 1,860 | 1,050 ¥ 960
770 | 870 | 1,530 | 1,950 | 1,260 | 2,430 | 1,820 | 1,050 960
760 | 870 | 1,620 | 1,860 | 1,220 { 2,530 | 1,680 | 1,020 930
760 | 870 | 1,710 | 1,860 | 1,220 | 2,330 | 1,600 | 1,020 930
760 { 870 | 1,800 | 1,820 | 1,360 | 2,230 | 1,520 | 1,020 960
760 | 870 | 1,080 | 1,860 | 1,440 | 1,950 | 1,520 | 1,080 | 990
760 | 870 | 2,170 | 1,950 | 1,480 ; 1,820 | 1,480 [ 1,080 | 1,050
735 | 870 | 2,270 | 2,040 | 1,950 | 1,720 | 1,440 | 1,080 | 1,050
710 | 870 | 2,670 | 2,130 | 2,730 | 1,600 | 1,440 | 1,050% 1,020
735 | 870 | 3,570 | 2,230 | 2,840 | 1,480 | 1,440 | 1,020 | 900
760 | 870 | 4,370 | 2,230 | 2,630 | 1,440 | 1,400 | 990 |  960°
770 | 870 | 5,400 | 2,230 | 2,530 | 1,480 | 1,400 | 990 990
785 870 | 6,050 | 2,430 | 2,530 | 1,860 | 1,320 960 990
800 | 870 | 5,720 | 2,430 | 2,430 | 2,840 | 1,290 | 960 960
810 | 870 | 5,720 | 2,330 | 2,230 | 3,300 | 1,260 | 960 960
825 |....... 4,950 | 2230 | 2,040 | 3,630 | 1,220 | 1,020 960
840 [......- 4,650 [......- 1,950 |-..... 1,160 | 1,020 |.......

Monthly discharge of St. Croiz River at aﬁjluiss’ Wis., for the years ending Sept. 30, 1919
1920.

[Drainage area, 1,550 square miles.)

Discharge in second-feet.
Per .Run-off
Month. Maximum. | Minimum. | Mean. | square | ibinches.
. mile.

1,120 800 884 0. 570 0.66

1,360 L,150 | .742
960 875 933 .602 .69
930 75 875 . 565 .65
950 740 835 539 .56
3,000 790 1,470 . 048 1,09
3330 1,620 2190 L4 157
1,530 930 | 1200] .82 -9
1,660 960 | 1,300  .839 o4
1,660 735 | 1Toe0] .7 81
1,660 900 1,270 .819 .94
930 760 804 . 519 .58
3,330 740 1,180 . 761 10.28
1,020 810 881 .568 .65
1,980 1 1,40 . 104
1,210 # 1,090 703 -8l
870 710 792 . 511 .59
910 -876 .61
6,050 g70| 2,200| 148 L7
4,380 1,820 2,380 1.64 1.72
2,840 1,220 1,810 1.17 1.35
37630 r40| 20| 138 154
6,220 rvieo| 23| - 1R L.76
1,120 960 1,050 .877 .18
- 10050 930 981 633 i
6,220 | 70| 1,510 |  .974 B.27
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: ]

Days of deficiency in discharge of St. Croiz River at Swiss, Wis., for the years ending
Sept. 30, 1915-1920.

. .1
Days of deficient discharge. cs)g)t '3(1]?11%"

Discharge in second-feet.
191415 | 1015-16 | 1016-17 | 1917-18 | 1918-10 | 1919-20 | Total. | Per cont
’ days. | oftime.

SEEEEREaEsEnamsatenat

BERE3EEREIE255RE8888a..

SEBBBPRNRRVERVIZBENwp,
OO WINEI GI O D 1t D 00 D i i D 1 DO =

£0 00 =1 O S g £ 50 1D 10 1O 1D DD 1 b b s bt
10,102, 10 19 10 1O 10 19 10,10, 1mk 1o po 1ok 1=

Rt it et

—

Mean discharge (sec.-ft.)...... 1,370 | 1,730 | 1,200 1,00 1,1%0! 1,510 ... -
Maximum (38 “.ft.) - ......... £xm0! <220 270 | 2950| 3,330 6,220 ...
Minimum (sec.ft.)........... 7815 720 710 700 740 710 |l

e Mean discharge estimated 815 see. ft., fan. 21-31, 1915,
ST. CROIX RIVER NEAR ST. CROIX FALLS, WIS.

Location.—~In sec. 18, T. 34 N., R. 18 W., at power plant of Minneapolis General
Electric Co., on Wisconsin side of St. Croix River near St. Croix Falls, Polk
County, 50 miles ahove confluence of St. Croix and Mississippi rivers near Hast-
ings. Minn. Apple River, draining an area wholly in Wisconsin. enters from left
20 miles Lielow station: Snake River, draining an area in Minnesota, enters from
right 35 miles above station.

DRAINAGE AREA.—5,930 square miles.

REcorDs AvarLaBLE.—January 1, 1910, to September 30. 1920, Da,ta for 1903 pub-
lished in Water-Supply Paper 98, pages 176-177, under “St. Croix River near
Taylors Falls, Minn.”” Daily and monthly discharge, January 10, 1902. to June
30, 1905, and monthly estimates, July, 1905, to December, 1909. published in the
“ Report of water-resources investigations of Minnesota, 1909—1912 ’* by the Minne-
sota State Drainage Commission.

DiscrARGE.—Determinations of discharge based on kilowatt output of dynamoand
exciters, plus flow over dam and spillway, considered as a weir.

EXTREMES OF DISCHARGE.—Maximum discharge recorded during year ending
September 30, 1919, 14,900 second-feet April 12; minimum discharge, 726 second-
feet October 6.

Maximum discharge recorded during year ending September 30, 1920, 35,300
second-feet March 26; minimum discharge, 234 second-feet November 2.

1902-1920: Maximum discharge recorded, 35,800 second-feet March 26, 1920;
minimum discharge, 75 second-feet July 17, 1910 (caused by regulation).

ReavLATION,—Low-water flow controlled by operation of gates of power plant and by
storage and release of water at Never’s dam several miles upstream.

Accuracy.—Records probably reliable but have not been checked, nor have dlschargo
measurements been made, by engineers of the United States Geological Survey.

Coornmnon.—Records of daily discharge furnished by the Minneapolis General
Electric Co.
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St. Croiz River near St. Croin Falls, Wis., for the years

0
e;ud{ng Sept. 30, 1919 and 1920..

UPPER MISSISSIPPI RIVER BASIN.

Daily diseharge, in second-feet
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Monithly discharge of St. Croiz River near St. Croix Falls, Wis., for the years ending Sept.
. 30, 1919 and 1920.

[Drainage area, 5,930 square miles.]

Discharge in second-feet.
L4 Run-off
Month. Per in
Maximum. | Minimum. | Mean. | squart inches.
mile.
1918-19.
3, 250 726 1,660 0. 280 0.32
3,770 1,290 | 2580 .435 .49
3,290 1,220 2210 .373

2, 570 1, 550 2,020 341 39
2 800 1,260 | 1,870 315 .33
13,200 1200 4,870 821 .95
14, 900 £e0| 950]| 161 1.80

6,950 1,320 | 4750 . 801 .
8930 1,320 | 4,250 Rivd .80
4,610 1,410 2, 860 .482 .56
6,430 1,640 | 3,530 L5905 .69
2370 1,870 315 35
14,900 | 726 | 3,510 592 8.03
4,310 1,020 | 2,180 .368 42
4, 860 234 3, 500 . 590 .66

3, 460 1,020 | 2480 .48

2,760 645 1,870 .315 .36
2,360 92| 1,860 2314 .34
, 800 1,050 9,420 1.59 1,83
22, 000 4,640 9,980 1.68 1.87
11,100 3,630 | 6,670 1.12 1.29
11, 500 4 580 8,320 1.40 1.56
11,400 | 2,000 5,760 971 .12
2,640 | 1,420 2,080 .351 .40
4,200 1,000 2,300 .388 43
The Year...eeeeennn.n et —a—————- 35, 800 | 234 4,700 793 10.76

Norte.—Computed by U. S. Geol. Survey from records of daily discharge furnished by Minneapolis Gen-
eral Electrie Co. v

Days of deficiency in discharge of St. Croix River near St. Croix Falls, Wis., for the years
ending Sept. $0, 1911-1920.

Days of deficient discharge. ggtléé?{o to
Discharge in
second-feet. Total | eI
1910-11{1911-12(1912-13(1913-14(1914-15(1915-16/1916-17(1917-18/1918-19(1919-20 days %@nt of
- | time.
.............. [N P 1 1 0.03
.............. 1i...... 1 2 .05
[ P 0 2 22 .6
2 leeeennn 13 1 3 58 1.6
5 0 21 3 12 129 3.5
11 6 32 15 15 272 7.4
19 18 61 30 19 483 | 13.2
29 61 112 66 30 825 22.6
100 152 102 47 | 1,119 | 30.6
79 125 191 14 100 | 1,415 | 38.7
9 149 218 169 151 | 1,689 | 46.2
116 175 230 191 174 | 1,869 | 51.2
137 205 244 207 185 | 2, 56.1
145 221 258 222 203 | 2,187 | 59.9
175 239 275 231 211 | 2,312 | 63.3
197 250 203 244 220 | 2,441 | 66.8
212 252 225 | 2,557 | 70.0
235 31 317 261 231 | 2,786 | 76.3
262 328 343 312 278 + 3,107 | 85.1
1 344 358 339 311 13,387 | 92.7
317 362 365 356 | 350 | 3,559 | 97.4
351 365 |.een... 366 | 356 |3,625| 99.2-
359 [eaenmnaforennns]ennnnns 363 | 3,642 | 99.7
366 |eeuerifonacacifonanann 366 | 3,653 | 100.0
6,040 | 3,250 | 2,500 | 3,510 | 4,700 [..uvus.|oenen.n
35,100 [17,700 [10,100 [14,900 (35,800
(sec.-ft.)......| 857 710 | 760 {1,030 | 686 740 [ 1,120 | 603 726 | 234
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NAMAKAGON RIVER AT TREGO, WIS.

Locatron.—In sec. 35, T. 40 N., R. 12 W., at Chicago, St. Paul, Minneapolis & Omaha
Railway bridge at Trego, Washburn County, 20 miles above confluence of Nama-
kagon and Totogatic rivers.

DrAINAGE AREA.—420 square miles (measured on map issued by Wisconsin Geological
and Natural History Survey, edition of 1911; scale, 1 inch==6 miles).

REecorps avarmasie.—March 11, 1914, to September 30, 1920.

Gace.—Enameled staff fastened to retaining wall, left bank of river, just above rail-
road bridge; read by Patrick Lawton.

DISCHARGE MEASUREMENTS.—Made from lower chords of railroad bridge or by wading.

CHANNEL AND CONTROL.—Bed composed of coarse gravel; free from vegetation; prac-
tically permanent. Banks medium high and not subject to overflow. Small
island downstream with rapids on either side forms the control.

EXTREMES OF DISCHARGE.—Maximum stage recorded during year ending September
30, 1919, 2.3 feet at 7.55 a. m. March 21 and 7.45 a. m. April 13 (discharge, 803
second-feet); minimum discharge, estimated 265 second-feet March 7-12.

Maximum stage recorded during year en<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>